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OFFICE OF THE GOVERNOR

California has always been a center of innovation. It must—and it will—continue to be so. An
entrepreneurial culture, diversity, and available talent are our heritage and our future. All major Life
Sciences-related industries were born in California. The success of companies in the Bay Area, San
Diego, and the greater Los Angeles basin is clear evidence that California is still the world leader in
Life Sciences.

Our state is currently home to more than 2,500 biomedical companies, which employ 225,000
people in the areas of medical devices, biopharmaceuticals, academic research, wholesale trade, and
lab services. These companies, in partnership with California's research universities, are developing
and commercializing technologies that seek to conquer such crippling and deadly diseases as
Parkinson's, Alzheimer's, and HIV.

Our continued success cannot be taken for granted. Our companies and their highly-skilled
employees are being actively recruited by other regions in the U.S. and across the globe that seek to
become leaders in biotechnology and other Life Sciences fields.

To meet this challenge, I have initiated efforts in the Bay Area, San Diego, the greater Los
Angeles basin, and the Central Valley to bring together Life Sciences executives, research leaders,
and government decision makers to share views, discuss challenges and opportunities, and make
recommendations to improve the competitive environment.

This Strategic Action Plan is the result of the first of these initiatives, which was conducted in the
Bay Area. My office, the Bay Area Council, the California Technology, Trade and Commerce Agency,
and the Bay Area Bioscience Center, with support from the Monitor Group working with Ernst &
Young, have spent six months building a comprehensive strategy to make the Bay Area even more
competitive in preserving, attracting, and developing Life Sciences companies. While this Strategic
Action Plan was compiled with the full support of my office, I do not necessarily endorse all of the
recommendations herein.

When it comes to creating jobs, promoting business, and making California prosperous, we
simply cannot wait for national or international conditions to change. But we must take charge of
our own future. The Life Sciences industry represents a large part of that future. Not only does
it provide an engine for economic growth, it also holds the key to alleviating the suffering and
improving the health and well being of literally every human being in the world. This is the reason
that Life Sciences will continue to be a key focus of our economic growth strategy.

Sincerely,
-Ef:j bauﬂ:

GRAY DAVIS
Governor

GOVERNOR GRAY DAVIs
455 GOLDEN GATE AVENUE, SUITE 14000 SAN FrRANCISCO, CALIFORNIA 94102
(415) 703-2218 Fax (415) 703-2803
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As announced by Governor Gray Davis, this Bay Area Life Sciences Strategic Action Plan forms
the foundation of an overarching initiative by the state to promote California and the Bay Area as a
center of innovation in Life Sciences. It describes the current context and frames the future vision for
Life Sciences in the Bay Area. It also identifies critical priorities and sets forth recommended actions

for fostering growth of Life Sciences in the region.

This Strategic Action Plan is a blueprint for government, universities, research institutions,
companies, and economic development organizations to refocus cooperative actions that will have
a positive impact on Life Sciences in the Bay Area, thereby strengthening the economy and
enhancing the quality of life in the region and throughout California. It is intended to inform and
educate policy makers and civic leaders about the importance of the Life Sciences industry cluster
to the regional economy and to strengthen collaboration among stakeholders to enhance the

competitiveness of Life Sciences in the Bay Area.

This Strategic Action Plan delineates a comprehensive set of recommendations, including, for
example: mobilizing industry leadership and academic support for a strong and robust regional Life
Sciences non-government organization; enacting flexible tax credits; and supporting current initiatives
underway by the Bay Area Council and other employer-sponsored organizations to increase the supply

of affordable workforce housing as well as to improve transportation mobility and relieve congestion.

This Strategic Action Plan is the result of a groundbreaking joint effort by organizations and
individuals who have devoted significant time, energy and resources. The planning effort was
formally launched at the Bay Area Life Sciences Summit in December 2002 at SRI International
and has involved in-depth research, analysis and follow up since then. We are especially grateful for
the dedication and hard work of the Office of the Governor of California, the California Technology,
Trade and Commerce Agency, and the Bay Area Bioscience Center, supported pro bono by the
full-time team from the Monitor Group. Ernst & Young, L.L.P. and California Healthcare Institute
also have been of great assistance on particular components of the Strategic Action Plan. In addition,
we greatly appreciate the Summit co-sponsors: Squire, Sanders & Dempsey, L.L.P,, GrayCary, Marsh
Risk and Insurance Services, and Rigel Pharmaceuticals, Inc. And, finally, I would like to thank the
staffs of the Bay Area Council, Bay Area Economic Forum, and the Bay Area Science Infrastructure
Consortium (BASIC). Together, they have developed a pragmatic plan of action that will support and

advance Life Sciences in the Bay Area.

Sunne Wright McPeak

President & CEO
Bay Area Council
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d + BIOSCIENCE CENTER

The Bay Area Bioscience Center (BayBio) commends the Governor, the California Technology,
Trade and Commerce Agency, and the Bay Area Council for the completion of this important Bay Area
Life Sciences Strategic Action Plan. BayBio wishes to thank all the participants in this comprehensive
regional effort: the bioscience company executives, the regional Life Sciences service industry experts,

academic and private sector research and education leaders, and local governments.

The Bay Area is home to the world's oldest and largest bioscience cluster. Understanding the
unique culture and needs of a fully mature Life Sciences cluster proved to be a special challenge and
this Strategic Action Plan is an excellent first step. To retain its relevancy, our Strategic Action Plan
must remain a work-in-progress because of the rapid changes expected in the bioscience research,
development and manufacturing sectors. For example, in contrast to five years ago when research
was the primary regional activity, there are now a number of Bay Area companies with products in
clinical trials. These companies may already be deciding whether to build or contract out for
manufacturing needs. State tax policy, the cost of doing business, the cost of housing, and the
region's infrastructure (water, power, transit/roads, and quality of K-12 education) promise to
weigh heavily in companies’ decision-making on the prime location for their changing facilities

needs and workforce.

Competition from other regions of California, other states, and other countries cannot be
underestimated. Remaining the bioscience location of choice is up to us. A concerted regionwide
effort is a must. Now with “Taking Action for Tomorrow: Bay Area Life Sciences Strategic Action
Plan” in hand, regional leaders, state government, and the bioscience community can join together
to implement the Strategic Action Plan’s recommendations. BayBio and its Board of Directors stand

ready to take a leadership role in this important initiative.

Sincerely, ‘
Sue Markland Day Michael Arbige

President, BayBio Chairman, BayBio
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EXECUTIVE SUMMARY

The Bay Area' has held a leading position in global Life Sciences for more than 25 years. This sustained
pattern of success rests on a number of factors—among them, leading research institutions, an innovative
workforce, and a willing and cooperative venture capital community. Not surprisingly, it has also made
the Life Sciences an increasingly important part of the Bay Area’s regional economy: today, some 726 com-
panies employ nearly 80,000 in the Bay Area.

Perhaps more important are the prospects for the future. Companies in the Life Sciences are quickly
moving through their life cycles from development to commercialization and are bringing ever more
products to market. This, in turn, will drive significant growth for Bay Area companies—and for the
regional economy—during the next ten years. The Bay Area landscape will likely shift from a large num-
ber of small Life Sciences companies to a more limited population of large Life Sciences companies and
new subsidiaries of large pharmaceutical companies. Indeed, over time, research and development (R&D)
productivity of smaller Life Sciences companies will drive increased convergence of the pharmaceutical
and biotechnology industries. The situation is clear: pharmaceutical companies need viable drugs to fill
their pipelines, and biotechnology companies need funds to finance continued R&D.

In addition to that convergence, whole new segments of Life Sciences activity are already beginning to
appear, as breakthroughs occur and as new technologies emerge from the convergence of the Life Sciences
with areas such as Information Technology and nanotechnology.

The attractiveness of the Life Sciences is now well understood around the world. Competitive clusters
are rapidly developing in other parts of the country and the globe. These newer clusters of innovation are
being nurtured by increased planning and investment on the part of local, regional, and national govern-
ments. The inevitable result: a steadily more competitive environment in which the Bay Area Life
Sciences will need to work hard to maintain its leading position.

What is new here is the growing recognition that the Bay Area’s strengths in the Life Sciences, though
substantial, offer no reason for complacency. Competitive pressures will inevitably rise. The effort need-
ed to sustain a leadership position will inevitably grow. The complexity of the task— the need for vision
and efficient coordination, the integrated, systemic nature of the challenge, and the demands on scarce
resources — will only expand. What will shrink is the margin for error, the “forgiveness” accorded to man-
agerial and policy choices that are delayed, avoided, or off target.

Problems can no longer be allowed to fester silently or dissatisfaction to mount. They must be
addressed and be seen to be addressed— openly, honestly, and aggressively. Otherwise, the most precious
assets on which the cluster’s future health depends will slip away to more favorable environments.

Again, the current strength of Life Sciences in the Bay Area is real, not illusory. But it is fragile. It can-
not be maintained by hope and goodwill alone, nor protected by denials that problems exist. While there
is time— and, happily, there is time— responsible leaders must act. There is much to act on.

As the Life Sciences mature, for example, companies will face a host of capital-related challenges relat-

ed to manufacturing and productivity, increased competition, and closer scrutiny by regulators. At the
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same time, as the industry expands into new technologies, the same companies will need fresh capital to
fund early-stage development. Here, too, there are questions: despite the significant role venture capital
(VC) has played in the start-up of Life Sciences companies, traditional venture capital models are not in
complete alignment with the Life Sciences product development process. The existing model fosters
reluctance to invest in a company without a clear, near-term exit strategy. This puts pressure on Life
Sciences companies to pursue quick discoveries rather than invest in high-potential, but long-term dis-
coveries.

In addition, young companies in the Bay Area often find it difficult to find small, affordable wetlab space
for short periods of time. The problem is especially acute now in the light of the tight venture capital
market. For these companies, inconsistent and uncoordinated zoning and permitting practices are also
troublesome. For such companies, as well as for larger and more established companies, the high prop-
erty values around the Bay Area, the high cost of labor, the lack of tax incentives, the challenges of water
supply, and other deterrents threaten to drive manufacturing activity to other regions.

In addition, despite some strengths, the region’s unpleasant and uneconomic transportation infrastruc-
ture ranks as one of its greatest competitive weaknesses. Regions within the Bay Area regularly emerge at
the top of lists of the nation’s most congested areas. Recently, however, there have been some improve-
ments in congestion levels.

In general, the emerging pattern of growth in the Life Sciences suggests that new employment will like-
ly consist of R&D (50%), manufacturing (25%) and commercial, marketing, management and support
(25%) positions.” Given the importance of the Life Sciences to the economy of the Bay Area, it is critical
for the supply of skilled labor to meet the cluster’s burgeoning needs. Considering the long lead times
inherent in changing and improving a region’s human capital equation, there are reasons to fear that the
requirements of growth will outstrip the available human assets.

It is within this dual context of current strength but perceived fragility and of increasing statewide,
nationwide, and global competition for Life Sciences development that Bay Area companies, governments,
universities, and research institutions must take action to ensure a healthy cluster for the future. Toward
that end, the Office of the Governor of California, the Bay Area Council, the California Technology, Trade
and Commerce Agency, and the Bay Area Bioscience Center, with support from the Monitor Group,
undertook an effort, summarized in this document:

To develop a coordinated and actionable Strategic Action Plan to ensure that the Bay Area
continues to grow and sustain its leadership in Life Sciences over the next decade.

At the Bay Area Life Sciences Summit held on December 2002, throughout the interviews and surveys
conducted by the Monitor Group, and in the many working sessions of the multiple parties contributing
to this Strategic Action Plan, a set of common themes emerged: a shared industry plan is needed; distinc-
tive Bay Area strengths must be actively preserved; and several critical weaknesses need to be addressed
(Appendix A provides a detailed discussion of the strategic planning process).

As a result of this planning process, a full list of recommendations, summarized in Exhibit 13, has been
developed and is discussed in detail in Chapters 4-12 of this Strategic Action Plan. Of these, the 15 top

priority recommendations, to begin now, are:

BAY AREA LIFE SCIENCES STRATEGIC ACTION PLAN: Taking Action for Tomorrow



Recommendations for Short-Term Improvements

¢+ Mobilize industry and academic support behind a strong and active Bay Area Life Sciences non-
governmental organization to optimize the Life Sciences growth potential in the region.
(Chapters 7, 12)

¢+ Mobilize political jurisdictions behind marketing the Bay Area as the best region in the world
for the Life Sciences. (Chapter 12)

¢+ Protect and increase investments in the Bay Area Life Sciences intellectual infrastructure,
including completion of the California Institute for Quantitative and Biomedical Research
(QB3) and the Life Sciences research park at NASA Ames. (Chapter 10)

¢+ Create a better statewide business climate for Life Sciences firms by allowing large Life Sciences
companies, cither headquartered in California or employing a significant number of
Californians, to purchase discounted tax credits / deductions from small research and develop-
ment firms and, thus, provide those firms with much needed cash. (Chapter 4)

¢ Establish and communicate current and future employment needs by skill category in order to
drive Bay Area educational and training activity. (Chapter 7)

¢+ Make the current University of California technology licensing processes more transparent and
accessible, while gaining a better direct understanding of industry needs. (Chapter 9)

¢+ Encourage public (state, local, and university) retirement system / investment fund managers to

consider additional or first time investment in the California Life Sciences. (Chapter 4)

Recommendations for Longer-Term Improvements

¢ Direct the California Technology, Trade and Commerce Agency (CTTCA) in collaboration
with other regional leadership groups to work closely with the University of California Oftice
of the President and Technology Licensing Offices of each University of California campus to
develop strategies to accelerate the transfer of technology. (Chapter 9)

¢+ Ensure public education officials place greater focus on science education in the public schools,
and have state community colleges and universities develop more clinical science and laborato-
ry programs in collaboration with industry. (Chapter 7)

¢+ Encourage state and industry representatives to explore alternative financing structures for the
Life Sciences industry. (Chapter 4)

¢+ Ensure collaboration between industry representatives and local, regional, and state govern-
ment officials to identify the future manufacturing and distribution needs of the industry and
determine where the Bay Area should focus. (Chapter 5)

¢ Facilitate the development of commercial space for start-up and young Life Sciences companies
by encouraging creative public-private partnerships. (Chapter 5)

¢+ Support initiatives to improve public transportation and relieve traffic congestion. (Chapter 6)

¢ Introduce incentives to increase the supply of affordable housing. (Chapter 5)

¢+ Improve the overall K-12 public school system by continuing to support state and regional ini-
tiatives. (Chapter 11)
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As Governor Gray Davis noted in his introductory letter, “When it comes to creating jobs, promoting
business, and making California prosperous, we simply cannot wait for national or international condi-
tions to change. But we must take charge of our own future. The Life Sciences industry represents a
large part of that future. Not only does it provide an engine for economic growth, it also holds the
key to alleviating the suffering and improving the health and well being of literally every human being
in the world. This is the reason that Life Sciences will continue to be a key focus of our economic

growth strategy.”
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INTRODUCTION:

A LIFE SCIENCES STRATEGIC ACTION PLAN

This chapter lays out a working definition of the Life Sciences cluster, briefly outlines the historical driv-
ers of this success in the Bay Area, and profiles its continuing importance to the Bay Area and to the state

of California.

THE LIFE SCIENCES CLUSTER

A cluster, as defined by Harvard University Professor and Monitor Group Partner and Co-Founder
Michael Porter, is “a geographically proximate group of interconnected companies and associated insti-
tutions in a particular field, linked by customer, supplier, or other relationships.” This definition cuts
across traditional industry classifications and recognizes the importance of cross-industry linkages to an
innovative and competitive environment.

Considered as a cluster, Life Sciences recognizes and aftirms the relationship among closely related “core”
industry segments (such as pharmaceuticals, medical devices, and agricultural biotechnology). But it also
includes those additional industries—among them specialized professional service firms (law firms, real
estate developers), specialized capital providers (biotechnology venture capital), research institutions, and
industry associations—that regularly interact with core organizations. Further, it acknowledges connec-
tions with related industries and disciplines, such as Information Technology and nanotechnology, that are

expected to further converge with Life Sciences.

Exhibit 1: Life Sciences Cluster Definition
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The theory underlying this notion of a “cluster of innovation” derives from an examination of the crit-
ical factors necessary for fostering innovation, competition, and growth in a wide variety of regions and
industries. It provides the framework for analysis in this Strategic Action Plan. The theory is described
more fully in Appendix C. For the Life Sciences cluster in the Bay Area, there are eight critical factor con-
ditions: Capital Structure and Resources, Commercial and Residential Infrastructure, Transportation and
Information Infrastructure, Human Capital, Entrepreneurial Climate, Technology Commercialization,
Intellectual Infrastructure, and Quality of Life. Each receives close attention in a later chapter of this
Strategic Action Plan (Chapters 4 — 11).

HISTORICAL ROOTS

Following the pioneering work of Syntex Corporation (founded in Palo Alto in 1961, now Roche
Bioscience) and Cetus Corporation (founded in Berkeley in 1971), a university researcher and a venture
capitalist formed Genentech, the world’s first biotechnology company, in 1976. The first major break-
through that led to its formation came in 1973 when Stanford geneticists Stanley Cohen and Annie Chang,
along with University of California San Francisco biochemists Herbert Boyer and Robert Helling, developed
a process to construct a DNA molecule containing the genetic materials from two difterent species. This was
the start of recombinant DNA technology. The combination of entrepreneurship and scientific innovation
in the Bay Area has continued to this day, forming the nucleus of its flourishing Life Sciences cluster.

As Eric Niiler aptly wrote in “Biotechnology in the Bay”:

The golden-brown hills that surround the Bay Area of San Francisco, California, are biotechnology’s equivalent of
Olduvai Gorge—the cradle of humankind. 1t’s the place where entrepreneurial scientists took their first steps in

founding a life science industry that now stretches the world over, with product sales in the multi-billion dollar range.

LIFE SCIENCES IN CALIFORNIA

California has four significant Life Sciences clusters, the Bay Area, San Diego, the greater Los Angeles
basin, and the Central Valley. Not surprisingly, these California-based clusters play a substantial role in the
overall U.S. Life Sciences industry. Almost 90% of California’s Life Sciences industries are concentrated in
these first three regions, with the Bay Area having the largest and most diverse Life Sciences cluster. This
diversity includes activity in virtually all product types and all stages of the value chain, from early research

to manufacturing, sales and marketing (Exhibit 2).

Exhibit 2: Ranking Life Sciences Cluster by Employment
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Manufacturing Manufacturing Manufacturing
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Source: California Technology, Trade and Commerce Agency
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THE IMPORTANCE OF LIFE SCIENCES TO THE BAY AREA

The Bay Area region, which covers 7,000 square miles of land around the San Francisco Bay, consists of
nine counties: Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara, Solano, and
Sonoma. It is home to nearly 7 million people — roughly one-fifth of the state of California’s population
— and includes the major cities of San Jose, San Francisco, and Oakland.! The contribution of Life
Sciences to the Bay Area’s well being can be measured along four important dimensions:

* Regional Economy
» Employment and Wages
* Research and Development
+ Capital
Each is discussed in turn.

Regional Economy

The Bay Area plays a key role in the California economy. It produces more than $335 billion in goods
and services each year, representing one-third of the gross state product (GSP). The average output per
employee in the region is $110,400, which is 33% higher than the average state level of $82,970.°

The Bay Area’s Life Sciences cluster contributes approximately $12 billion to the regional economy, or
3.6% of the Bay Area’s gross metropolitan product (GMP). Further, labor productivity for the cluster is
32% higher than the average for all industries in the Bay Area. Exhibit 3 illustrates the contribution of

Life Sciences in GMP and wages to each of the Bay Area counties.

Exhibit 3: Life Sciences in Bay Area Counties

Total GMP

Wages (8) |County Wage* (%)

Alameda 554 58%
Contra Costa 73 0.61 .56 61,000 425
Marin 104 0.69 6.6% 54,300 4645
San Francisco 561 01 0.2 80,800 38
San Mateo 71 19 519 114,300 65%
Santa Clara 1303 45 35 78,200 {2688
Sonoma 10.6 Lo 245 0,200 1%
Solano and Napa** 86 0.29 33% 54,500 49%
Total Bay Area 3358 nw 38 79,200 35%
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Employment and Wages

The Bay Area currently has a labor force of approximately 3.8 million people, of whom 80,000 are in the
Life Sciences cluster.®

As a result of the high concentration of leading technology and financial services companies, wages in the
Bay Area are among the highest in the nation. The average annual wage level for the region in 2000 was
$58,824, significantly higher than both the state average of $41,182 and the national average of $35,305.

As illustrated in Exhibit 3, wages in the Life Sciences cluster are significantly higher than average wages
in all but one of the Bay Area counties. Thus, the Life Sciences represent a high-wage enclave within one
of the highest wage regions in the country. This underscores the importance of increasing the number of

Life Sciences jobs in the Bay Area.

Research and Development

The Bay Area is home to numerous research universities and institutions, anchored by the three major
research universities: Stanford University; University of California, Berkeley (UC Berkeley); and
University of California, San Francisco (UCSF); and neighbor to University of California, Santa Cruz
(UC Santa Cruz) and University of California, Davis (UC Davis). The universities in the region conduct
more than $1.4 billion in research annually, which comprises approximately one-third of all university
research in the state. Sixty-two percent (approximately $900 million) of the $1.4 billion is in the area of
Life Sciences. The Bay Area universities receive significant funding from the National Institute of Health
(NIH)— $803 million in NIH grants in 2001 alone. More than three-quarters of the region’s NIH fund-
ing goes to UCSF (4th largest NIH grant recipient in U.S.), Stanford (9th largest), and UC Berkeley
(51st largest).*

These universities, combined with a number of prominent private and federal research institutions, such
as SRI International—a non-profit organization,—the National Aeronautics and Space Administration
(NASA) Ames, Lawrence Livermore, and Lawrence Berkeley Laboratories in the Bay Area, provide the basis
of intellectual capital for the Bay Area Life Sciences cluster. The high caliber research conducted in the
region has resulted in a significant intellectual property development, with California accounting for 22%
of all U.S. Life Sciences patents in 1999. The Bay Area received 1,345 of the 3,561 national patents award-
ed to California, which represented 38% of all Life Sciences patents in the state during 1999.”

Capital

California dominates the U.S. venture capital (VC) market. It is home to one-third of all deals and
approximately 40% of all venture capital dollars invested in the U.S.. In 2001, the Bay Area accounted for
77% of all venture capital dollars invested and 72.5% of deals in the state. From 1995 to 2001, venture cap-
ital flows into the state grew faster than the national average. Bay Area investments jumped from $2 billion
to $13 billion (570% increase).” Of course 2002 and 2003 have seen a significant decline in new money
flowing into the venture capital industry and into Life Sciences. This is as true of the Bay Area as of any
part of the nation.

The Bay Area region received 31% of all venture capital investments in biopharmaceuticals between
1995-2001. It is very well represented with 21 highly active venture capital firms; the next highest con-

centration is 10 in the Boston cluster. Between 1998 and 2001, Bay Area biopharmaceutical companies
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conducted 31 initial public offerings (IPOs), as compared to the next highest IPO levels of 10 and 8,

respectively, for the San Diego and Seattle regions."

IMPLICATIONS FOR THE BAY AREA ECONOMY

The Life Sciences cluster has clearly established an important position in the Bay Area and in California.
Along multiple dimensions, the cluster already provides a positive and differentiating contribution to that
of the other lead clusters in the region. Even more important, it also provides the prospect of significant
economic growth for the region.

Today, Life Sciences represents approximately 3.5% of the Bay Area GMP. lIts relative contribution will
likely increase two-fold over the next 10 years. As illustrated in Exhibit 4, the Life Sciences cluster is pro-

jected to grow more than 20% faster than the overall Bay Area economy.”

Exhibit 4: Nominal Life Sciences Cluster GMP Growth
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As already noted, the cluster currently accounts for roughly 2% of the region’s 3.8 million jobs."” This
will grow to 3% in 2010 (assuming increases consistent with those of the past ten years) (Exhibit 5)."
Furthermore, given the higher average wages of Life Sciences employees, the cluster represents approx-
imately 2.8% of the region’s aggregate wages.” Coupled with the employment projections (assuming
constant wages), this means the cluster will represent approximately 3.9% of the region’s aggregate wages
earned in 2010. Only $1 out of every $35 earned in the region today is associated with the Life Sciences
industry. By 2005, the ratio will shift to $1 out of every $13, that is, if the region is able to support and
nurture this growth.

These numbers do not, however, take into account the employment and earnings associated with Life
Sciences-related legal, venture capital, and real estate companies. The multiplier effect that core Life
Sciences segments will have on such related and supporting industries makes the further development of

the cluster of prime importance to the state and the Bay Area economy.
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Exhibit 5: Life Sciences Contribution to the Bay Area
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LIFE SCIENCES AND HUMAN WELL-BEING

The Life Sciences cluster develops therapeutics that enable patients to live longer, healthier, and more
productive lives. It invested more than $30 billion in 2001 in discovering and developing new medicines."
Life Sciences companies are leading the way in the search for new cures that address unmet global medical
needs. In recent years, the industry has placed new therapies for leukemia, asthma, glaucoma, congestive
heart failure, Alzheimer’s, schizophrenia, HIV/AIDS, hepatitis, and many other diseases into the hands
of doctors."”

Life Sciences tools and techniques open new research avenues for discovering how healthy bodies work
and what goes wrong when problems arise. Life Sciences products include quicker and more accurate
diagnostic tests, therapies with fewer side effects, and new and safer vaccines. For example, the wealth of
genomics information made available by the Human Genome Project will greatly assist doctors in diag-
nosing hereditary diseases, many of which we cannot currently detect.” However, realizing the potential
in genomic information will require continued investment and dedication to the Life Sciences over the
long term. Research conducted at Bay Area universities has the potential to produce therapeutic products
for society that may benefit many millions of people. In addition to these improvements in human health,
advances in the Life Sciences can improve human well-being in other ways, such as improving the envi-
ronment and increasing agricultural productivity. Continued investment in the Life Sciences cluster will

be critical to ensure that its beneficial products continue to reach a growing global population.
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LOOKING FORWARD: KEY TRENDS AND CHALLENGES

During the next ten years, the Bay Area Life Sciences cluster will continue to be shaped by dynamic finan-
cial, scientific, and social influences. In many ways, it is still in its infancy. Results from the Human
Genome Project are, for example, just beginning to bear fruit, and powerful new therapeutics are reaching
the marketplace in greater numbers each year.

This chapter outlines the nine trends of greatest importance to the continued evolution of the Bay Area
Life Sciences cluster during the next ten years. Exhibit 6 identifies these, as well as their major implications
for the health and growth of the cluster:

Exhibit 6: Key Life Sciences Trends and Cluster Implications
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Maturing Biotechnology Business Models

The traditional focus of biotechnology companies has been upstream research in the pharmaceutical
value chain, leading to drug discovery platforms, subscription content databases, or early stage drug can-
didates. However, this is beginning to change in several ways.

First, an increasing number of products are moving through the pipeline toward regulatory approval and
sale in the marketplace. As this “maturing” takes place, many developing biotechnology companies are
shifting beyond their core research capabilities into downstream activities such as clinical development,
manufacturing, and sales / marketing. However, many, if not most, companies will continue to out-license
molecules to vertically-integrated pharmaceutical companies or become acquisition targets for companies
looking to bolster their development pipelines. Indeed, over time, research and development (R&D) pro-
ductivity of smaller Life Sciences companies will drive further convergence of the pharmaceutical and
biotechnology industries. The situation is clear: pharmaceutical companies need viable new drugs to fill
their pipelines, and biotechnology companies need funds to finance continued R&D.

Even so, biotechnology firms will choose to build in-house sales and marketing capabilities in order to
receive a greater share of eventual commercial revenue. With the shift from out-licensing to in-house
commercial activities, these companies will further resemble the typical, vertically-integrated pharmaceu-
tical company. Mature biotechnology companies will increasingly compete head-to-head with traditional
pharmaceutical companies in certain therapeutic areas.

Additionally, firms previously focused on providing subscription genomic content or drug discovery
platform technologies will increasingly focus on direct involvement in the creation of human therapeutics.
This will create additional demand for downstream skills and facilities beyond early-stage research.

The most immediate impact of these developments for the Bay Area will be the increasing demand
among maturing Life Sciences companies for commercial expertise as well as manufacturing capabilities
and capacity. Although there is already a sizeable pharmaceutical manufacturing presence in the Bay Area,
there will be a growing need to focus the institutions and infrastructure essential to these requirements
going forward.

Moreover, the Bay Area landscape will likely shift— perhaps through increased mergers and acquisitions
(M&A) activity — from a large number of small Life Sciences companies to a more limited population of
large biotechnology companies and new subsidiaries of large pharmaceutical companies. In the case of
acquired Bay Area companies, decisions regarding the location of downstream activities may increasingly

fall under the jurisdiction of parent companies located outside of California.

Developing Technologies in Life Sciences

The Life Sciences cluster continues to see the emergence of new sub-technologies, sub-specialties, and
entirely new areas of research (proteomics, functional genomics, bioinformatics) as the Human Genome
Project continues to bear fruit. This will ratchet up the demand for expertise in emerging areas of basic
research. In the longer term, emerging technologies such as gene therapy and stem cell research will also
shape the global development of Life Sciences. Regions that position themselves to capitalize on new,

greenfield areas of research will be best positioned to benefit in this environment.
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As the Life Sciences cluster matures, integration will take place with biotechnology, other technologies,
and previously discrete, unrelated markets. Indeed, synergies among biotechnology, chemistry, and
Information Technology are already fueling innovation in many areas, from the more traditional pharma-
ceutical, digital health, and agricultural industries, to such emerging industries as industrial biotechnology,
molecular and organic electronics, and DNA and biologically-based computers.” Of particular interest to
the Bay Area is the convergence of Information Technology and biotechnology that will continue to shape
the Life Sciences landscape.

As biology moves from a descriptive to a predictive science, both the resolution and complexity of
experimental questions and answers will increase. This means greater convergence in the form of cross-
industry technologies and applications such as bioinformatics and nanotechnology, as the boundaries
between Information Technology and the Life Sciences continue to blur. Successful regions will, therefore,
need to leverage—and integrate — core strengths in the Life Sciences, Information Technology, mathe-

matics, engineering, and other disciplines yet to be determined.

Emerging Personalized Healthcare Model

Therapies developed through Life Sciences are creating higher levels of specialization for targeted
patient populations. Biotechnology has enabled the development of many targeted drugs with diagnostic
tests to determine a priori whether a drug will be effective for a particular patient’s genomic profile. An
early example of this is Genentech’s breast cancer drug Herceptin, which is tremendously effective for a
certain subset of patients with HER-2 gene expression. This move towards personalized healthcare will
certainly continue as scientists leverage genomic information to gain a more fundamental understanding
of diseases’ biological processes and of the genes and proteins at play in various disease states. Moreover,
as pharmacogenomics yields drugs with a higher probability of success for smaller, targeted patient popu-
lations, companies will increasingly need to look to global markets to find patient populations of sufficient
size to earn attractive returns. This will have an impact on the Bay Area as the Life Sciences cluster

becomes even more global.

Rising Cost of Healthcare

The rising cost of healthcare is an important factor that will influence both the development of and the
willingness of the general public to accept new Life Sciences technologies. The primary driver behind this
growth in expenditure is the rising expense of hospital care and medical equipment. However, drug
expenditures are also increasing, and Life Sciences companies will be forced to justify the high, and rising,
cost of their pharmaceutical products.

To be sure, new innovations in treatment may reduce the costs of treating diabetes, cancer, and
Alzheimer’s disease. But this is not enough. The cluster’s answer to rising costs must be three-fold. First,
new drugs will need to be more efficacious and more cost-efficient. Second, companies will need to
emphasize total patient management economics that demonstrate the overall system cost savings that phar-
maceutical products can produce when expensive hospital visits are avoided. Third, there must be a

decrease in the cost and time required to develop new pharmaceutical products.
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The current cost of developing and bringing to market a novel therapeutic can reach a fully burdened
expense of up to $800 million. To flourish, Life Sciences companies will have to reduce this overall expen-
diture through more efficient discovery processes and better overall pipeline attrition rates. All of these
improvements are necessary to address the growing downward pressure from society on drug reim-
bursements and prices. They are essential to protect the current phenomenal rates of growth. Other
components of the Life Sciences cluster, such as device and equipment manufacturers, will, of course,

also need to help create more efficient development processes.

Change in Funding Model

The current venture capital model is, to a degree, inconsistent with the capital requirements of Life
Sciences research in a start-up environment. Traditional venture capital typically requires an exit strategy
in the relatively near term, even though clinical trials and FDA approval (only one step in the drug devel-
opment process) for a single one therapeutic agent can take up to nine years. These contrasting timelines
and misaligned incentives often cause developing Life Sciences companies to aggressively pursue a first
positive discovery. They must be able to develop value claims in order to raise additional funding and go
public within a reasonable period of time.

This is why, during the next decade, even if there is no major change in the venture capital model for
Life Sciences, there will be a broadening of the sources that fund biotechnology. Larger corporations are
increasingly likely to provide capital through joint ventures or acquisitions, and angel investors may step

in to fund Life Sciences ventures where timelines are inconsistent with venture capital requirements.

Changing Regulatory Environment

The national and international regulatory environment will continue to influence the development of
Life Sciences. Constraints on controversial research, including stem cells and genetically-modified foods,
will help determine a region’s breadth and depth of scientific expertise in certain areas. Other parts of the
globe will certainly embrace this research if the U.S. chooses to de-emphasize it, but the long-term eftects
of trends like the shift in stem cell research towards China and other non-U.S. regions are unclear. To
date, California has been very progressive in its support of stem cell research and other developing tech-
nologies. The evidence, however, suggests that the movement towards stricter regulations in the U.S. as
a whole relative to other countries will likely continue and, perhaps, intensify.

International regulatory trends will also grow in importance. It seems probable that markets will con-
verge on a global set of regulatory standards that govern how therapeutic agents are brought to market.”
In addition, there will likely be a convergence in the kinds of clinical trial data used in various countries.
As a result, the overall process of drug approval should become more standardized across various geogra-
phies. Increasing numbers of U.S. companies are already conducting at least a portion of their clinical trials
in Europe to shorten overall time to market. Over time, this international clinical trial presence will give U.S.
companies greater access to international resources and so encourage them to move a greater percentage
of their operations overseas. This trend presents a challenge for the region to remain attractive to Life

Sciences companies already located in or considering locating in California.
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International intellectual property rights also represent a major uncertainty. How these legal rights
develop will do much to shape the extent to which Bay Area firms address new, international markets in

the next ten years, particularly in developing nations.

Growing Public Interest in the Ethics of Life Sciences

Public perception of the Life Sciences continues to be an important factor shaping regulatory control,
access to expanded markets, and the availability of a capable and willing workforce. The rift in public opin-
ion with regards to biotechnology, particularly stem cell research, cloning, and genetically-modified foods,
is getting larger. There is a clear danger that the rift will get larger still as research programs and com-
mercial activities accelerate.

One particular area of public interest is regenerative medicine, the replacement of damaged cells by
genetically similar, yet functional, cells. This could be achieved by using embryonic stem cells from cloned
human embryos or from highly versatile adult stem cells. Although the potential uses for stem cells are
significant, the use of embryonic stem cells for therapeutic purposes does raise some fundamental, ethical
questions about the proper uses of embryos in the context of society’s medical needs.”

Much of the concern about Life Sciences is grounded in fact and in differing judgments about the ethi-
cal treatment of various scientific endeavors. Some concern, however, is the product of miscommunication
between industry and the public. The extent to which public opinion will embrace the advanced research
needs of the Life Sciences depends on the cluster’s ability to reach out to the community, educate it, and
engage it in open debate. This is particularly true in the Bay Area. To ensure the continued success of the
region’s Life Science cluster, industry, government, and the public will need to communicate openly so as

to develop a shared vision of what is do-able — and what is right to do.

Increasing Competition from New Regions

Other U.S. regions have been developing strategies and taking actions to build and nurture Life Sciences
clusters. In each case, as Exhibit 7 illustrates, state government has played a key role in the efforts to cap-
ture and catalyze Life Sciences growth. These state-level initiatives share a common focus on:

 Appropriating tobacco settlement funds for Life Sciences research and development.
« Finding vehicles for addressing the financing needs of the industry.

 Supporting the facilities needs of the industry at all stages of the business cycle.

* Providing increased funding for state research institutions and centers.

In addition, each state has identified approaches for addressing specific weaknesses in order to improve
overall Life Sciences competitiveness.

Three decades ago, the Life Sciences cluster consisted, in effect, of a group of start-ups in the U.S. that
used genetic engineering to produce human protein drugs. Today, the Life Sciences have burgeoned into
a global industry with more than 4,000 companies throughout the U.S., Canada, Europe, Australia / New
Zealand, and Asia that apply revolutionary science and technologies to diverse fields such as agriculture,

environment, health care, and industry. Exhibit 8 illustrates this growing global activity.
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Exhibit 7: Examples of Domestic Competitor Regions’ Initiatives
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= Alabama Site Development Program (Facilities).
= Alaska Growth Capital (Facilities).

# Ariansas Capital Corporation (Fadilities).
= Tax-credit for constructing biotechnology facilities.

= Biotechnology Facilities Fund (Facilities).
= TSF.

" TSF,

= [conomic Development Oppartunities Fynd (Facilities).
» Maryland Industrial Develogment Finace Authority
(Facilities).

u TSF.

® Mass Development (Facilities).

u T5F

» Publicly Supported Fund: BioVentures Tavestors LLC.

u TSF: $50 million par Lﬁh a 20-year effort to
develop Michigan Sciences Corridor.

* NJEDA Technology Funding Program (Facilities).

» Tenart Outfit Allowance at Technology Center
of NJ (Facilities)

=TS

® TSF: $4.4 million then $24.3 million into biomedical
and technaology transfor fund.

= Publicly Supporied Fund: EBTC Biglnvestment Fund;
BinVentures Development Fund.

* Multiple economic development programs (Facilities).
u TSF.

& Technology Development Loan Program (Facilities).

= T5F,

* Publiciy Supported Fund: State of Wiscorsin
Imvestment Board.



Consequently, centers of innovation, such as the Bay Area, no longer compete solely with domestic rivals.
Establishing a Life Sciences cluster as a core component of economic development is an explicit priority of
more than 100 cities and regions around the world (Exhibit 8). Most of these regions already focus on
California and the Bay Area as a source from which to recruit talent, companies, and ideas to jump start their

industries. During the next ten years, this competition for talent, ideas, and innovation will intensify.

Exhibit 8: Examples of Global Competitor Regions’ Initiatives

Examples of Government Role
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Expanding International Scope of Bay Area Companies

Bay Area Life Sciences companies are actively moving into new international markets for pharmaceutical
products. The U.S., Europe, and Japan currently represent a large portion of global pharmaceutical sales, and
these regions will remain strong markets over the next ten years. The large populations of China and other
parts of Asia represent markets for human therapeutics, and Bay Area firms will move to address them by
entering a complex web of sales and marketing arrangements. They will also begin to locate portions of
their operations in these new geographies. These developments can benefit the Bay Area by bringing a more
global set of companies to establish headquarters here, but they can also damage the region if companies
shift their operations out of the Bay Area. This is a particular risk for later-stage business cycle activities
such as manufacturing.

Together, these nine trends carry significant implications for the Bay Area and its Life Sciences cluster.
Most significantly, they imply a much more complex environment, which in turn requires more and better-

integrated planning.

CHAPTER 2: LOOKING FORWARD: KEY TRENDS AND CHALLENGES
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THE CASE FOR ACTION

To frame a strategy for bolstering the region’s competitiveness in the Life Sciences, it is necessary, first,
to build a clear understanding of the Bay Area’s current strengths and weaknesses as a host environment
for all economic activities. It is also necessary to establish the relative importance of each factor named to
the region’s competitiveness. Thus, the Monitor Group interviewed more than 59 senior executives in
biotechnology companies, universities, industry organizations, service providers, and government, prob-
ing on the eight critical factor conditions described earlier (p. 2). The Monitor Group also circulated a
web-based survey, which had been proven useful in other parts of the country, to industry executives in
the Bay Area. Then, on December 3, 2002, the Governor of California hosted a summit in Menlo Park
for Bay Area Life Sciences leaders to discuss the need for planning and collaboration at the Life Sciences
cluster level. Collectively, more than 120 institutions have participated in this effort and provided many
of the insights described in the following pages.

Survey Results

Surveys of Life Sciences leaders in several regions across the nation reveal similarities in the percep-
tion of regional strengths and likely future threats. For example, in every region, these leaders found

research facilities and qualified scientists and engineers to be sources of strength. In every major

Exhibit 9: Life Sciences Cluster Leaders’ Perception of Regional Strengths and Threats
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region, there were concerns about the cost of doing business and the quality of transportation (See Exhibit
9 on previous page for these comparative listings.)

For the Bay Area, the greatest strength is the region’s intellectual infrastructure. Eighty-two percent of
respondents cited qualified scientists and engineers as the factor having the greatest positive impact on
business success: 58% placed specialized facilities for research among the top five. A second perceived
strength of the Bay Area Life Sciences cluster is its skilled workforce: 67% of respondents listed the avail-
able pool of skilled workforce among the top five factors currently having a positive impact on their firms’

success. Also important were quality of life and access to capital (Exhibit 10).

Exhibit 10: Life Sciences Cluster Leaders’ Perception of Current Strengths in Bay Area
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At the same time, a strong majority (88%) of Bay Area respondents named the cost of doing business as
one of the five most important future threats to their businesses, and 58% expressed concern about the
quality of transportation. Bay Area leaders also said that, although the current pool of skilled workers is
adequate, continuing to find sufficient skilled employees could well pose a threat over time (Exhibit 11).

[Additional survey results may be found in Appendix D.]
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Exhibit 11: Life Sciences Cluster Leaders’ Perception of Future Threats in Bay Area
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Confirming these survey results are the opinions expressed in the more that 59 interviews conducted
with senior executives, leaders of academic institutions, top-level government ofticials, and other cluster
leaders (Exhibit 12). It is important to note, however, that the pattern of strengths and weaknesses thus

identified is not perfectly consistent across all nine counties in the Bay Area. Exhibit 13 summarizes these

intra-regional differences.

Exhibit 12: Selected Interview Quotations
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Exhibit 13: Life Sciences Factor Conditions in the Nine Bay Area Counties
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Alameda, San Francisco, and Santa Clara counties for example, have been at the forefront of both intel-
lectual infrastructure and technology commercialization. The reason: the presence of the region’s most
influential research universities (UC Berkeley in Alameda, UCSF in San Francisco, and Stanford in Santa
Clara). All told, five of the nine Bay Area Counties are especially strong in the key elements (like, leading
research institutions, incubators, and anchor firms) that foster a strong entrepreneurial climate. In Santa
Clara County, for example, the San Jose Redevelopment Agency has earmarked $6.5 million for the con-
struction of a bioscience incubator expected to support 10-15 start-up companies. Alameda County, which
houses the UC Berkeley and the Advancing California’s Emerging Technologies Incubator, has recently
secured $6.4 million in Economic Development Administration (EDA) funding to expand its current facil-
ities and build a 40,000 square-foot, state-of-the-art laboratory. The City of South San Francisco, located
in San Mateo County, has also proven to be an excellent location for Life Sciences start-ups, many of which

have spun oft from Genentech, the region’s largest Life Sciences firm.

CHAPTER 3: THE CASE FOR ACTION
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Exhibit 14: Regional Comparison of Life Sciences Clusters
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Notwithstanding the intra-regional differences laid out in Exhibit 13, each of the nine counties pos-
sesses, to an important degree, many of the ingredients necessary for a healthy Life Sciences cluster in the
Bay Area. Whether that potential gets realized will be substantially determined by the dynamic manner in
which the nine counties work together towards leveraging and addressing the relative strengths and weak-
nesses most critical to the cluster’s continued growth.

Cooperation and coordination will be essential to meeting the growing challenges, such as those posed
by the competing clusters in other regions (Exhibit 14). In the face of challenge, there is a clear and
unequivocal case for strong, integrated action. The balance of this Strategic Action Plan lays out that case

in action-focused detail.
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CAPITAL STRUCTURE AND RESOURCES

Capital resources are vital to a Life Sciences company’s success at every stage of its life cycle. Early on,
seed funding is critical to the protection of intellectual property, as well as to the support of the research
needed to demonstrate proof of concept. Later, additional capital is needed to see a product through pre-
clinical tests, to assemble the necessary workforce, to formalize business operations, to enhance the
emerging technology, and to develop both a regulatory and a sales and marketing strategy. Later still, even
more financing is required to establish a limited manufacturing capacity, devise a launch plan, and ensure

that reimbursement is guaranteed by private and public payers.

STATE OF CAPITAL STRUCTURE AND RESOURCES IN THE BAY AREA

Although the widespread economic downturn is having a significant financial impact on all Bay Area
industries, Life Sciences companies are proving resilient and are helping to support an otherwise flagging
Bay Area economy. They continued to hire new employees as recently as late 2001 and early 2002 when
other technology sectors reported record layofts and restructuring measures. Admittedly, there are recent

signs of a softening in the financial health of some Bay Area Life Sciences firms.

Exhibit 15:
Biotechnology Industry Market Capitalization
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Market Capitalization
The overall value of the industry has fallen since reaching a peak in 2000. As of December 31, 2002, the

market capitalization of all biotechnology companies in the U.S. was $200 billion; the Bay Area account-
ed for $46 billion or 24% of this total, with Genentech ($17 billion), Chiron ($7 billion), and Gilead ($7
billion) leading the way (Exhibit 15 on previous page).

Capital Markets

Capital markets remain volatile and venture capitalists cautious. Investments now occur more fre-
quently in companies at later stages of product development. This cuts the financial resources available to
earlier-stage companies and, by extension, the valuations attributed to them by the market. Indeed, many

public Life Sciences companies are trading at or below their levels of available cash.

Venture Capital (VC)
The extensive VC network in the Bay Area, which is home to 34% of active VCs in the U.S., has directly

contributed to the growth of the region’s Life Sciences cluster. This well-seasoned venture community
has experienced periods of both robust growth and economic malaise. Throughout the U.S., 84 VC
firms raised only $7.7 billion in 2002, a decline of almost 80% from the $37.3 billion raised by 232 VC
firms in 2001. Even so, the Bay Area’s biopharmaceutical companies saw an increase of 38% in 2002

VC funding— the only such community to do so in the country (Exhibit 16).

Venture Capital Model

Despite the significant role VC has played in the start-up of Life Sciences companies, traditional ven-
ture capital models are not in complete alignment with the Life Sciences product development process.
The existing model fosters reluctance to invest in a company without a clear, near-term exit strategy. This
puts pressure on Life Sciences companies to pursue quick discoveries rather than invest in high-potential,

but long-term discoveries.

Exhibit 16: Biopharmaceutical Funding by Region
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Grant Funding

California maintains a wide lead over other states in National Institute of Health (NIH) research fund-
ing (Exhibit 17). It also benefits from one of the highest levels of Research Institutional Grants from NIH
of any region. This type of research funding has been particularly important to the Life Sciences. Witness,
for example, the many private sector innovations that are geographically tied to the leading academic
research communities in the Bay Area. But all is not rosy. The number of companies secking NIH grants
in California is heightening the competition among early stage companies with promising technology
within the region, as well as with competitor regions.

The University of California (UC) Discovery Grants program administered by the Industry-University
Cooperative Research program of the UC office of the President provides another funding option.
Through use of research funds and tax credits, and by providing access to UC scientists and students, the

program encourages California-based companies to pursue breakthrough research in UC laboratories.

Drug Development Costs

Drug development costs have experienced significant increases throughout the past decade (Exhibit 18).
The most current estimate of the cost to bring one drug to market is $800 million. Inevitably, these costs exac-
erbate the need for capital by Life Sciences companies. Financing large-scale phase III trials is increasingly
difficult—rarely does it occur through venture financing—because these costs are in the hundreds of mil-

lions of dollars. These activities are generally funded through the public equities markets and collaborations.

Financing Structure

Venture capital and public equity, as well as IT financing and grants, serve as key current sources of cap-
ital. In the past, financing structures such as the Research and Development Limited Partnerships (RDLP)
also provided significant funding to companies like Genentech, Amgen, and Genzyme. However, current

federal tax law changes have eliminated the structure.

Exhibit 17: NIH Research Grants, by State, 2000-2002
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PRIORITY ISSUES AND RECOMMENDATIONS

As the Life Sciences mature, companies will face a host of capital-related challenges related to manu-
facturing and productivity, increased competition, and closer scrutiny by regulators. At the same time, as
the industry expands into new technologies, the same companies will need fresh capital to fund early-stage
development. Nor is the industry immune to cross-sector challenges such as the flagging economy and
an increasingly volatile international political climate.

Given the prospects of new blockbuster products and platform technologies based on genomics and
proteomics, the consensus forecast is one of cautious optimism for the Bay Area Life Sciences. But the
current climate for investment and the increasing competition among regions for funding underscores
the pressing need for fresh capital to bring new products to market. For the foreseeable future, the
financial community will, no doubt, continue its guarded approach. That, in turn, puts a great burden
of responsibility on state and federal government policy choices. Intelligent, far-sighted choices are
essential to provide the incentives for company formation and to attract large pharmaceutical companies
to the Bay Area.

Create a better statewide business climate for Life Sciences firms by allowing large Life
Sciences companies, either headquartered in California or employing a significant number of
Californians, to purchase discounted tax credits/deductions from small R&D firms and, thus,
provide those firms with cash.

An appropriate tax structure for Life Sciences firms includes fundable tax credits for research and
development (R&D) expenses and net operating losses. R&D and net operating loss credits provide the
R&D-intensive firms cash needed to meet the high cost of research. This proposed “convert to cash”

mechanism creates two benefits. Early stage companies can sell these tax credits and receive an influx of

Exhibit 18: Trend of Estimated Drug Development Costs
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capital to finance the excessive costs associated with R&D. At the same time, larger, profitable companies

can help fund early-stage companies in order to obtain their discounted tax credits.

Encourage public (state, local and university) retirement system/investment fund managers
to consider additional or first-time investment in the Life Sciences.

Many regions are recognizing the specialized financing needs of the Life Sciences and are creating alter-
natives to the past heavy reliance on venture capital funds—in particular, by making early-stage financing
more available. Increasingly, they are creating innovative programs to address the capital gap in the private
marketplace. In fact, more than 25 states have at least one publicly supported seed or venture fund that
can be used to invest in Life Sciences companies, and five states have exclusively Life Sciences-related
tunds (Exhibit 19).

In California, the California Public Employees’ Retirement System (CalPERS) has made substantial
past investments in Life Sciences through the CalPERS Biotechnology Program. Additional existing vehi-
cles, such as CalSTRS and the San Francisco Employees Retirement Fund, should ratchet up their invest-

ment, particularly in small cap Life Sciences companies on the verge of product breakthroughs.

Encourage the state to explore alternative financing structures for the Life Sciences.

If California is to remain financially attractive to Life Sciences companies, the state must consider tax
and investment incentives particularly in the area of capital formation.

Capital Access Funds: As other regions recognize the specialized financing needs of the Life Sciences,
they are creating alternatives to sole reliance on venture capital funds by making early-stage financing more
available. Increasingly, states are creating programs to address the capital gap in the private marketplace.
California should consider creating a Life Sciences state investment fund supported by a variety of difter-
ent mechanisms.

Incubator Financing: California should explore the possibility of combining tax incentives and state

funds to finance shared research/manufacturing facilities for emerging Life Sciences companies.

Exhibit 19: Publicly Supported Funds
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Tobacco Settlement Funds: Sixteen states have recently dedicated at least part of their tobacco settle-
ment funds to Life Sciences efforts. Michigan has apportioned $50 million per year for a 20-year effort to
develop the Michigan Life Sciences Corridor. Ohio is allocating $4.4 million for the first year and $24.3
million dollars for three subsequent years to its recently created biomedical research and technology trans-

fer fund. California should consider a similar commitment of its funds.

Ensure the state of California’s ability to attract and retain Life Sciences companies of all
sizes through tax incentives.

Various studies show that the cost of doing business in California is nearly forty percent higher than in
any other state in the U.S.. The Bay Area’s even higher cost of doing business aftects every stage of the
value chain. Lowering these costs will have more impact on the number of new companies formed in the
Bay Area and on the number of large pharmaceutical companies planning to locate R&D facilities there
than any other action step. Among the possibilities:

Single Tax Factor Formula: Change the apportionment formula for corporate income to determine
what is taxable in the state of California from the current 3-component formula (property, payroll and
double-weighted sales) to a single sales factor formula. As existing Life Sciences companies based in
the Bay Area grow, this would eliminate the disincentive to locate additional facilities (such as manu-
facturing and R&D) and jobs in California rather than moving them outside the state. Additionally, this
would make California more competitive with other states in attracting new Life Sciences companies
and facilities.

Property and Sales Tax Deferrals for Life Sciences Companies.

Tax Holiday for Relocation Expenses.

Provide creative incentives and financing sources for Life Sciences companies.

Volatility in the capital markets, increasingly cautious venture capitalists, Life Science companies trading
at or below their levels of available cash, and the high cash burn rates of such companies tell an important

story of the need for creative solutions to funding shortfalls.

Provide incentives for angel investors.

The traditional venture capital model is not conducive to the long-term, yet high-risk, vision required
for investment in early-stage Life Sciences companies. Government-sponsored incentives for early-

stage “angel” investors would help by growing the pool of capital available for early-stage companies.

Partner with the federal government to capitalize on federal grant programs.

The six Regional Technology Alliances, as well as other such programs, provide an opportunity for
taking full advantage of federal grant programs. Federal grant programs tend to give preference to

applicants that have partnerships with well-thought-of organizations.

Facilitate alliances between Pharmaceutical (mature) and Biotechnology / Emerging
Technology (early-stage / R&D) firms.

Joint corporate financing arrangements between large and small Life Sciences companies can provide
the latter with significant sources of capital during the crucial early stages of growth. Tax incentives that
would encourage companies to partner “in-state” as opposed to licensing out of state would particularly
benefit the region.

CHAPTER 4: CAPITAL STRUCTURE AND RESOURCES
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COMMERCIAL AND RESIDENTIAL

INFRASTRUCTURE

The concern for commercial and residential infrastructure has to do with the availability of space for
businesses and of housing for a region’s workforce. This type of physical infrastructure is particularly crit-
ical for Life Sciences companies because of their specialized building and real estate financing needs. In
addition, the cluster’s heavy reliance on a growing population of skilled workers translates into an increas-

ing need for adequate, affordable housing.

COMMERCIAL INFRASTRUCTURE

For the Life Sciences to flourish in the Bay Area, the necessary plans, incentives, and policies must all
be in place to encourage the development of commercial infrastructure that meets today’s needs as well as
tomorrow’s. These needs vary greatly depending on a company’s level of maturity. Start-ups and early-
stage companies typically require only small work spaces of 2,000 to 10,000 square feet, together with
access to wet lab facilities. Large manufacturers often require sprawling, campus-like sites and significant

infrastructure support.

STATE OF COMMERCIAL INFRASTRUCTURE IN THE BAY AREA

Historically, commercial development for the Life Sciences has been robust in the Bay Area relative to
other markets. Exhibit 20, for example, shows that the Bay Area market for wet lab space is significantly
larger than that in competitive regions. This trend will likely continue. In fact, biotechnology firms,
which already occupy over ten million square feet in the Bay Area, could add another one million square
feet over the next few years.”

Currently, construction momentum in the region is strong. Bay Area real estate and development com-
munities are familiar with the needs of the cluster, and multiple companies have emerged as specialists in
the development of unique Life Sciences space. Projects like Mission Bay in San Francisco, Campus Bay
in Richmond, and the Contra Costa Bioscience Incubator are just a few examples of recent Life Sciences-
focused developments.

Several concerns, however, have emerged that must be addressed if the region is to continue to attract

and retain Life Sciences companies.
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Exhibit 20: Comparative Wet Lab Markets
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Availability of Lab Space

“The current economic downturn has made space available in general, but there’s still a lack of turnkey
wet lab space for startup [biotechnology companies]. Space is sorely needed.” Young companies in the
Bay Area find it difficult to find small, affordable wet lab space that they can use for short periods of time.
The problem is especially acute now in light of the tight venture capital market.

Building wet lab space represents a high-risk investment for private sector developers because the space
is highly specialized and expensive to build. This explains why it is typically not built on spec and, indeed,
is often entirely leased before construction is complete. Incentives are currently not in place to make it eco-

nomically attractive for developers to build space that meets the needs of early Life Sciences companies.

Zoning and Permitting Requirements

Inconsistent and uncoordinated zoning and permitting practices are another regional weakness. Bay
Area jurisdictions have different building requirements, some of which favor the Life Sciences more than
others. Some cities, like South San Francisco, are models of effective commercial infrastructure planning
focused on attracting Life Sciences research and development companies. The city’s commitment is
exhibited in thoughtful and flexible planning, zoning, and permitting practices. “It is easy to build here.
The infrastructure for building is already in place. The contractors can build quickly. South San Francisco
has a very cooperative local government,” explained one industry executive. Unfortunately, not all Bay

Area cities are as committed to meeting the cluster’s needs.

CHAPTER 5: COMMERCIAL AND RESIDENTIAL INFRASTRUCTURE
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Manufacturing Infrastructure

The Bay Area is indisputably an attractive place for Life Sciences research and development (R&D);
however, it does not currently have a comparable appeal to manufacturing. Although there are benefits for
companies that locate manufacturing capabilities near their R&D facilities, the high property values around
the Bay Area, the high cost of labor, the lack of tax incentives, the challenges of water supply, and other

deterrents threaten to drive manufacturing activity to other regions.

PRIORITY ISSUES AND RECOMMENDATIONS

Further development of the Life Sciences in the Bay Area depends on appropriate facilities being avail-
able for companies at each stage of their development cycle. To facilitate the commercial development of
such facilities, government must ensure that both the necessary incentives and the necessary planning,
zoning, and permitting practices are in place.

Government at all levels, as well as the private sector, has a significant role to play in ensuring that the
appropriate commercial infrastructure for the Life Sciences is available in the Bay Area. In particular, wet
lab facilities must be developed for start-ups and early stage companies, zoning and permitting best prac-
tices must be deployed in multiple cities across the region, and the ability of the Bay Area to meet the needs

of maturing Life Sciences companies must be addressed.

Ensure collaboration between industry representatives and local government officials to iden-
tify the future manufacturing and distribution needs of the cluster and to determine where
the Bay Area should focus.

First, potential locations in the Bay Area that are best suited to meet the needs of large-scale manufac-
turers must be identified. Possible locations include Contra Costa and Solano Counties, specifically the
Richmond to Vacaville corridor, and Alameda County, specifically the Oakland Army Base and Naval Air
Station. Counties adjacent to the Bay Area that may also be suitable include San Joaquin and Merced,
specifically the Castle Air Force Base.

Manufacturing locations must be close to existing Life Sciences companies in order to leverage the
advantage of proximity to R&D facilities. The Clusters of Innovation Survey found that proximity to
R&D centers was the most important reason for locating in the Bay Area for 64% of respondents
(Appendix D, Exhibit 41). Where possible, locations should also be chosen in counties with lower proper-
ty costs and significant amounts of available space. The most appropriate locations should be designated as
manufacturing zones, and the necessary permitting and zoning requirements should then be put in place
so development can happen quickly and conveniently. Offering ready-to-build sites with proper zoning,
established sewage, transportation access, and other infrastructure concerns already addressed would be
ideal. If the Bay Area hopes to attract Life Sciences manufacturers, it must make speed-to-market a com-

petitive advantage.

Facilitate the development of commercial space for start-up and young Life Sciences
companies by encouraging creative public-private partnerships.

Government at all levels can have a significant effect on the development of wet lab space by introduc-

ing incentives, such as tenant security enhancements or developer tax credits, that reduce the risks of
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development. Similar incentives could make it more desirable for landlords to accept short-term leases or
offer smaller parcels of space to early-stage companies.

Creative public-private partnerships could also help spread the burden of development risk between
government and the private sector. One possible model would see space provided by the public sector and
operated by the private sector. The cost to tenants would largely be the cost of operations, thus improv-
ing the location’s affordability.

Currently, 15 states have Life Sciences incubators, and 19 have technology incubators that include wet
lab space.” Since building Life Sciences incubators can cost up to four times as much as building other
types of incubators”, funding assistance from both public and private sources is mandatory. The develop-
ment of one incubator funded by public investment, private sector sponsors, and grants is already under-
way in the Bay Area. The Contra Costa Bioscience Incubator will provide flexible leases and aftfordable
space, as well as support services and business assistance programs, to small entreprencurial companies
during their early stages of growth. By providing more than just space, this incubator will foster a stronger

entrepreneurial environment for young companies.

Create a “Life Sciences Infrastructure Best Practices Guide”.

Cities across the state and the country have become magnets of Life Sciences development. Many of
these cities have made a commitment to the cluster and have backed this commitment in all of their plan-
ning, zoning, and permitting decisions. After examining the reasons these cities have been so successful,
the Bay Area must develop a “Life Sciences Infrastructure Best Practices Guide”. The Guide would allow
cities interested in attracting and retaining Life Sciences companies to gain a better understanding of what
is required of them.

Best practices that should be highlighted in the guide include: regular meetings between industry and
government; trained and dedicated city staff responsible for industry inquiries; assignment of a single con-
tact person to aid in permitting or the establishment of a consolidated permitting office; R&D and / or
manufacturing zoned areas; and a commitment to consider related infrastructure needs such as trans-
portation requirements and “smart growth” development. If multiple cities across the Bay Area follow
these and other best practices guidelines, the region as a whole will be better able to attract and retain Life

Sciences companies.

RESIDENTIAL INFRASTRUCTURE

Residential infrastructure — that is, housing — in the Bay Area is a key concern that affects all resi-
dents and businesses. Housing costs are extremely high in many parts of the region, especially in the
ring of cities and counties around the Bay where most Life Sciences businesses are located.

High housing costs are already eroding the region’s competitive advantage and, thus, are not just a
problem for individuals. Indeed, for the Life Sciences, the Bay Area’s housing crisis is a barrier to
growth. In fact, in the Clusters of Innovation Survey, 73% of respondents indicated that, during the
next five years, housing affordability was one of the most significant barriers to their firms’ expansion
(Appendix D, Exhibit 42).
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STATE OF RESIDENTIAL INFRASTRUCTURE IN THE BAY AREA

The strong and geographically distributed demand for housing in the Bay Area has not been sufficient-
ly met. A significant jobs/housing imbalance, poor land-use patterns, and inefficient regional planning and
funding have led to a serious shortage of affordable residential housing. Although these problems were

especially acute in the late 1990s, they remain a significant challenge for the Bay Area.

Jobs/Housing Imbalance

The construction of affordable homes, where residents allocate no more than 30% of their income to
housing costs, has not kept pace with demand in the Bay Area. Between 1995 and 2000, the region gained
only 148,044 new housing units but generated 600,000 new jobs requiring 400,000 housing units. This
resulted in a jobs/housing imbalance and a deficit of more than 250,000 units.® The housing crisis con-
tinues to be poorly addressed. Estimates show that local jurisdictions have zoned for only half the amount
of housing needed for the employees who will fill an anticipated one million new jobs by 2020.”

Housing deficits result in strong demand for the limited number of affordable units and cause prices to
escalate. Housing prices in the Bay Area are the highest ever on both an absolute and an adjusted basis.
Put bluntly, the jobs/housing imbalance is the worst in the history of the region®. Relative to competitive
regions, Bay Area residents have the lowest purchasing power in residential markets despite historically
higher median incomes (Exhibit 21). In Santa Clara County, for example, only 20% of homes are afford-
able to median income families (median income is defined as approximately $96,000 for a family of four).”
As a result, businesses suffer as they are pressured to increases salaries to meet employees’ household
income needs. Inevitably, they have difficulty recruiting and retaining mid-to-low income employees such

as lab technicians, middle managers, or manufacturing employees.

Exhibit 21: Relative Purchasing Power, 2000
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BAY AREA LIFE SCIENCES STRATEGIC ACTION PLAN: Taking Action for Tomorrow



Poor Land Use Patterns

The housing crisis in the Bay Area is further exacerbated by the region’s poor land use patterns. Current
patterns are strongly marked by dispersed residential and commercial infrastructure, relatively low-density
development far from transit, and abandoned urban cores of major cities and older suburbs. This has
resulted in longer commutes, typically by car, increased strain on transportation systems, diminished
leisure and work time, and increased environmental pollution. Mobility solutions will become more
expensive without a shift to high-density land use. Equally troubling, without improved housing oppor-

tunities in urban centers and older suburbs, abandoned neighborhoods will deteriorate further.

Inefficient Local Funding

Financially-strapped local governments, especially those facing uncertain funding sources, tend to
review development proposals in light of whether new projects will increase local revenues or strain the
system through additional service costs. As a result, the potential of new retail sales taxes appears more
attractive than the lower income-generating option of residential development. Not surprisingly, retail

development is favored over housing production by many local governments.

PRIORITY ISSUES AND RECOMMENDATIONS

The priority residential issues faced by the Life Sciences in the Bay Area are similar to those faced by all
businesses and employees in the region: increasing the availability of affordable housing, ideally close to
job centers, and improving land-use planning,

To address these issues, the Life Sciences cluster should support initiatives that encourage “smart
growth” planning. “Smart growth” seeks to revitalize already-built environments in central cities and older
suburbs and, when necessary, to foster efficient development at the edges of the region. The goal is to cre-
ate more livable communities and sufticient housing for the region’s workforce. This, in turn, places new
emphasis on supporting and enhancing public transit, promoting walking and bicycling, and preserving
open spaces and the environment.

The Bay Area’s five regional agencies and the Bay Area Alliance for Sustainable Development have done
much work in the area of “smart growth” planning and have a clear vision for the future. The Life Sciences
cluster should support the goals of the Smart Growth Strategy Regional Livability Project and should
advocate that actions be taken to meet those goals. Summarized below are some of the highest priority
“smart growth” recommendations.

Most of the action items suggested require changes to government incentives. Even so, there is every
reason to believe that many of these strategies can be implemented within the ten-year time frame of this
plan if they receive the requisite support. It is important to move on them—and to move on them in an

integrated, coordinated way. “Smart change” is a systems problem and requires a systems solution.

Introduce incentives to increase the supply of affordable housing.

State/local financing agreements currently favor retail development over housing development.
However, giving local governments back their share of property taxes could encourage them to look more
favorably upon new housing as a source of revenue to pay for public services. Amendments to the state

constitution could protect locally-levied taxes from being reallocated and, so, remove a major disincentive
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to the building of residential infrastructure. In addition, improving revenue stability by returning
Educational Revenue Augmentation Funds (ERAF) to local governments, restoring state support of public
schools through other means, and increasing the proportion of property tax revenue in local government
budgets could help alleviate the situation. Local government funding could also be linked to progress in
housing development or, more specifically, to a county’s fulfillment of its fair-share housing obligations.

Amendments to streamline approval processes, such as amendments made to the California
Environmental Quality Act (CEQA) approval process for affordable housing projects, could also encour-
age greater residential development. Twwvo other ideas, which are currently in place in some Bay Area cities,
are introducing inclusive zoning laws that require new housing developments to include a certain per-
centage of affordable units and jobs-housing linkage fees that require new job-generating projects to pay a
fee towards affordable housing development.

The Smart Growth Strategy Regional Livability Project estimates that during the next two decades 28%
more affordable homes will be built under the smart growth scenario than if the status quo were main-

tained (Exhibit 22). This provides strong reason to support the initiative.

Exhibit 22: Affordability of New Housing Units
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Increase public acceptance of affordable housing.

As long as community members are resistant to change, even the most well-planned developments may
be derailed. Advocates of affordable housing and “smart growth”, including politicians, business leaders,
and other community figures, must speak out about the importance of increasing the supply of affordable

housing in the region. Communities need to understand better the link between affordable housing and
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healthy neighborhoods. Local government needs to support the development of housing projects by
clearly articulating—through publicly available media, such as flyers, newspaper ads, and television— the

benefits of particular projects and their importance to the region as a whole.

Influence decision-makers to make “smart growth” residential planning choices.

Residential development needs to be built near job centers and / or near transit, at higher densities, and
in mixed-use environments. Where possible, it should take advantage of existing urban or suburban
development. To encourage this kind of smart residential development, the state, county, and local area
governments need to influence all relevant decision-makers to make smart development choices by
changing building requirements, policies, and incentives.

For example, to encourage development near transit, governments should amend parking standard
requirements. Residents living next to transit require fewer cars and, therefore, need fewer parking spots.
Since parking spots use valuable land and can cost up to $25,000 per space”, reducing the number of spots
required per unit benefits developers and encourages increased development near transit.

Similarly, local governments should be rewarded for approving new residential and commercial
development near transit stations. New transportation funding could be used to encourage mixed-use
development around rail and bus hubs. State- and federally-funded transportation programs, such as
the Metropolitan Transportation Commission’s (MTC) Transportation for Livable Communities and
Housing Incentives Programs, should be expanded through increased funding. Government should also
reward developers and industry through tax credits or grants for building adjacent to transit.

Other suggestions such as introducing minimum density requirements, allowing higher density
development, and enacting urban growth boundaries would also help to ensure sustainable develop-

ment in the region.

Revitalize underused and deteriorated urban areas.

The suggestions set out above focus on the development of greenfield sites. It is also important to con-
sider infill development in urban cores. This is particularly relevant to the Life Science cluster, given its
geographic history in urban and suburban regions around the Bay. Local governments should quickly take
anumber of practical steps. In particular, they should identify potential sites for infill development, rezone
unused industrial areas and underutilized shopping strips for new mixed-use development, and adopt
ordinances to allow the development of second units without complex or expensive approval processes.
For infill developments involving contaminated brownfield sites, state funds should be available for the
clean up of sites suitable for housing uses, and limits on the liability of developers for prior contamination
should be reevaluated. As an inducement to develop such sites, some local governments like Emeryville

already post on their websites the location of vacant parcels and their soil analysis information.

CHAPTER 5: COMMERCIAL AND RESIDENTIAL INFRASTRUCTURE

33



TRANSPORTATION AND

INFORMATION INFRASTRUCTURE

Transportation and information infrastructure affect the movement of people, goods, and information
throughout a region. Their related networks are critical to the flow of human capital, intellectual capital,
and products. Although some unique needs— specific transportation links, for example, for the South San
Francisco or Mission Bay Life Sciences parks—do exist, most requirements apply to Bay Area industry
generally, not just to the Life Sciences cluster.

However, in their interviews, web-based survey responses, and Summit discussions, Bay Area Life
Sciences leaders stressed the critical importance of transportation infrastructure as a potential constraint on
their companies’ growth. They also pointed to specific ideas for improving the Bay Area’s transportation

infrastructure and insisted that their voices be heard in the discussion of these topics.

TRANSPORTATION INFRASTRUCTURE

Transportation infrastructure enables the movement of people and goods from one place to another.
Well-functioning transportation networks are critical prerequisites to successful economies and major
influences on the quality of life in a region. Unfortunately, in the Bay Area this is a serious cause for
concern. Troublesome limitations here already negatively affect the region’s economic vitality, global
competitiveness, and quality of life. This was particularly evident in the Clusters of Innovation Survey,
where 58% of respondents indicated that the quality of transportation was one of the greatest threats to
their businesses (Exhibit 11).

STATE OF TRANSPORTATION INFRASTRUCTURE IN THE BAY AREA

The Bay Area’s current transportation infrastructure is comprised of several multimodal networks.
These include: miles of local streets and highways, bridges, seaports, three international airports, miles of
transit and paratransit routes, and two major regional bicycle and pedestrian trails. This provides a strong
base from which to work. Although additional transportation capacity will certainly be needed, there is
significant opportunity to improve the efficiency of what is already in place. Focusing on maintaining and
increasing the efficiency of the current system so as to get maximum utility from sunk investments should

be one of the region’s top priorities.

Strong Public Acceptance of Transit

From county to county, use of public transit varies from 2% to 32%. Even so, the Bay Area as a whole

values the importance of public transit. A Bay Area Metropolitan Transportation Committee (MTC) poll
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conducted in May 2001 asked what type of transportation system improvements residents would like to
see. Expanding commuter express bus services was of high priority to 61% of respondents; 67% pointed
to expanding rail services; and 79% named expanding BART services. Overall, 86% of respondents agreed
that the sooner public transportation systems were improved, the sooner congestion could be reduced.

Despite some strengths, the region’s unpleasant and uneconomic transportation infrastructure ranks as
one of its greatest competitive weaknesses. Regions within the Bay Area regularly emerge at the top of lists
of the nation’s most congested areas. The Texas Transport Institute’s 2002 Urban Mobility Report, for
example, ranked the San Francisco-Oakland region as the second most congested location in the U.S. (a
position the region has held since 1985). It ranked San Jose as the fourth most congested. The report also
estimated that traffic congestion costs commuters $3.2 billion annually in San Francisco-Oakland and $1
billion in San Jose in wasted fuel and time. In 2002, the Census Bureau and the MTC estimated that Bay
Area commuters spend more than 155,000 extra hours (almost 17 years) in traftic per day. In 2000, more
than 11% of Bay Area workers commuted at least two hours per day™

Recently, there have been some improvements in congestion levels, but they are largely the result of the
region’s economic slowdown. True, the slower economy has eased the strain on the region’s transporta-
tion system, but it has also led transit agencies to delay improvements and reduce or eliminate transit
services. Thus, when the economy recovers, congestion will be worse than ever. By 2025, region-wide
travel will have to increase by 30% and trans-Bay travel by 40%.* The current transportation system will

simply not be able to handle this heightened level of demand.

Incomplete Transportation Networks

Several transportation networks in the Bay Area, including light rail, are incomplete and inefficient,
which makes it difficult for commuters to access all parts of the region conveniently. For example, high
occupancy vehicle (HOV) lane gaps mean that services, such as express buses that use HOV lanes, cannot

be offered consistently across the region.

Minimal Deployment Of Intelligent Technology Systems (ITS)

Deploying information technology sensibly is an effective way of improving the current transportation
system at relatively minimal cost. True, there have been sporadic investments in ITS, including the
FasTrack electronic toll collection program and the NextBus initiative. Still, it is ironic that the Bay Area
has not leveraged its historic leadership in Information Technology (IT) to keep pace with even the min-
imum levels of investments made by comparable regions. As the San Francisco Business Times noted,
“When it comes to leveraging Information Technology to improve mobility in the region, the Bay Area is
mysteriously at the bottom of the heap, failing to exploit even the basic Intelligent Transportation Systems

(ITS) technologies that are common in other major U.S. cities.””

Inadequate Coordination Among Independent Transit Operators

Many of the problems frequently cited regarding Bay Area transit are often attributed to inadequate
coordination among the region’s various independent transit operators. Concerns include route synchro-
nization, fare payment, trip planning, and uncoordinated marketing strategies. Several preliminary steps
are underway to try to ease the use of the system, including TakeTransit and TransLink, but these initia-

tives have only just begun to address the issue.

CHAPTER 6: TRANSPORTATION AND INFORMATION INFRASTRUCTURE

35



36

Insufficient and Unstable Transportation Funding

Historical under-investment in transportation infrastructure continues to be a problem across the Bay
Area. Securing the necessary funding for large-scale transportation projects is extremely difficult despite
the pressing need for improvements. Most current funding structures rely heavily on sales taxes, which
are highly unpredictable. In order to plan for future infrastructure investments, transportation agencies

need more stable funding sources.

PRIORITY ISSUES AND RECOMMENDATIONS

Transportation weaknesses clearly and visibly detract from the Bay Area’s other strengths. For the Life
Sciences, the single most important issue here is to improve travel convenience, especially for commuters
to, from, and within the areas around the Bay most important to the cluster.

The large-scale improvements needed to meet this goal will require huge financial commitments and
will take longer to implement than the ten-year scope of this plan. The recommendations outlined below
focus on shorter-term alternatives, which can be accomplished within ten years and which, relatively

speaking, do not require securing vast amounts of new, long-term funding.

Support initiatives to improve public transportation and relieve traffic congestion.

Several initiatives and committees have developed plans to address the transportation infrastructure
issues in the Bay Area. This region-wide issue is also at the forefront of challenges that Bay Area Life

Sciences leaders would like to see addressed.

Expand deployment of intelligent transportation systems (ITS).

Deploying ITS in the Bay Area, by introducing “smart” technologies such as electronic toll collection,
traftic signal coordination, ramp metering, and systems monitoring, will measurably improve the efficien-
cy of the current transportation infrastructure. The first step is to develop a comprehensive ITS master
plan for the region. The Bay Area Freeway Concept of Operations report recommends the development
of just such a “Regional ITS Architecture” to ensure compatibility between systems and the sharing of data
between appropriate institutions. The report proposes the MTC as the lead agency for this effort.

The development of an ITS architecture for the region is important but complex. It will need to address
system monitoring and management, traffic signal coordination, ramp metering, and electronic toll
collection, as well as funding mechanisms over time. It will also require buy-in from all relevant stake-

holders including Caltrans and the Highway Patrol.

Introduce market-pricing mechanisms.

Market-pricing will reward motorists for making more efficient travel choices. It can take many differ-
ent forms, such as implementing variable toll pricing on bridges and tolls for single occupancy drivers
wishing to use HOV lanes.

Introducing variable pricing on toll bridges means charging higher tolls at peak hours, thereby provid-
ing an incentive for drivers to shift their travel patterns away from peak periods. If successful, this system
would encourage people to take public transit or ride share and would help to alleviate congestion, espe-
cially in the ring of cities most important to the Life Sciences cluster. Increased tolls would also generate

additional revenue, which could be reinvested in large-scale capital projects.
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Implementation requires a change in pricing practices and state authorizing legislation. Currently, a bill
to introduce a flat rate increase in the price of tolls is before the Legislature. Amendments to this bill to
include legislation for implementing variable toll prices on area bridges should be encouraged. This
requires lobbying and educating the key decision makers.

Introducing market-pricing to under-capacity HOV lane networks would mean charging a special toll
to solo drivers wishing to take advantage of the increased convenience of HOV lanes. The I-680 (Sunol
Grade) is the most likely location to introduce a high occupancy toll (HOT) lane within the next couple
of years. The Alameda County Transportation Authority is in the process of seriously evaluating the feasi-

bility of doing so. If adopted, this HOT lane would essentially serve as a pilot project for further roll out.

Study transit operator coordination and create an action plan.

Poor coordination between the Bay Area’s numerous public transit operators is often cited as a significant
contributor to the system’s inconvenience and inefficiency. The magnitude of these problems, however, is
not well understood, nor are possible solutions clearly articulated. A comprehensive study of the current
public transit system and the causes of its inefficiency is required. The study should examine both the
challenges faced and provide an action plan for improvement. The plan should be specific, including
consideration of timelines for implementation and sources of funding. The MTC is a likely candidate to

lead this initiative. Progress can be easily made on this topic within two or three years.

Increase water transit on San Francisco Bay.

On December 11, 2002, the Water Transit Authority (WTA) delivered its Implementation and Operation
Plan to the State Legislature. The plan proposes a well-integrated water transit system that provides good
connections to other transit, is cost-effective, environmentally responsible, and provides enhanced com-
muter choice. The plan proposes expanding current routes and introducing seven new routes at a cost of
$665 million over ten years.

The Bay ofters a unique transit option to the region that can greatly facilitate commuting between com-
munities along its shores. The regions that will be most affected by enhanced water-transit are the areas
most relevant to the Life Sciences cluster. Thus there is every reason for cluster leaders to advocate strong-
ly for the approval of the WTA’s plan.

To be implemented, the plan must be approved by the Legislature. If approved, the first service could
begin within three years of funding, depending, of course, on findings about environmental impact, and
on local support and commitment. Funding will likely come from new transportation dollars from federal,
county, local, and private sources. A portion of the newly-generated toll revenue implied by a market-pric-
ing plan, for instance, could be put towards water transit. The Federal Ferry Boat Discretionary Fund must
also be expanded, and the Bay Area must obtain a set-aside for its water transit system. Finally, the WTA

must continue to seek new funding sources.

Generate additional and stable transportation funding.

There is urgent need for prompt action to line up the funding needed for investments that will be
required well beyond a ten-year time frame. Generating additional and stable transportation funding will
allow for investments to be made in major infrastructure projects such as those — transit system exten-
sions, for example, and HOV lane and bicycle network completion—identified in the MTC’s 2000
Transportation Blueprint for the 21st Century.
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The MTC has determined that $82 billion in transportation revenue will flow to the Bay Area during
the next 25 years, but this amount will not be sufficient to make the investments required. A large per-
centage of these funds is already dedicated to the maintenance of the current system. Most of the money
is already spoken for and committed to specific projects. Therefore, it is necessary to explore increasing
state and / or regional gas taxes, extending / introducing county sales taxes initiatives, and lowering the
voter-approval threshold to ease the ability of enacting transportation sales tax initiatives.

The above transportation strategies should not, of course, be considered in isolation. They are closely
related to residential development, land-use patterns, and environmental concerns. The entire Bay Area,
including the Life Sciences cluster, will benefit from thoughtful transportation improvements that are con-

nected with “smart growth” development decisions.

INFORMATION INFRASTRUCTURE

Information infrastructure refers to the information networks running through the Bay Area that allow
residents and businesses to communicate with one another by telephone, computer, or other information
transfer devices. Well-developed networks are a prerequisite for economic prosperity and growth. They
allow for easy and convenient communication between individuals. They make telecommuting for
employees a more feasible option. And they provide a foundation from which information-based indus-
tries can flourish. It is, therefore, important to the Life Sciences, as to all local industry, that IT networks

meet high standards and keep pace with those in other competitive clusters.

STATE OF INFORMATION INFRASTRUCTURE IN THE BAY AREA

The information infrastructure in the Bay Area is very strong. This should occasion no surprise, con-
sidering the region’s historical excellence in Information Technology (IT). The area is well served by tele-
phone, cable, and Internet access. Approximately 97% of homes in the Bay Area have telephones, 96%
have access to cable TV services, and 61% (the highest percentage in the country) have access to the
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Internet.” A recent Bay Area poll indicated that nearly three in ten Bay Area households have high-speed
Internet connections. This is nearly double the national average of 15% and underscores the region’s close
embrace of IT.”

Overall, the Bay Area is well positioned in terms of its information infrastructure and, as the home of
Silicon Valley, is well-positioned at the forefront of new media, technological, and information trends.
This will continue to benefit the Life Sciences as remote communication continues to increase in popu-
larity, telecommuting becomes more commonplace, and the use of IT becomes more highly integrated

into Life Sciences sub-industries.

PRIORITY ISSUES AND RECOMMENDATIONS

The Bay Area must continue to support projects that work to improve and expand the region’s informa-
tion infrastructure. This may involve legislative or regulatory change, tax credit introductions, or further

research and development funding.
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HUMAN CAPITAL

Human capital that has been properly harnessed and leveraged is a critical driver of innovation and
growth in every company, every industry, and every region. As a high-technology cluster such as Life
Sciences in the Bay Area matures, the sustainability of its competitive advantage is even more dependent
on how the region and the companies in it develop and manage their human capital.

For obvious reasons, the Life Sciences are particularly dependent on the availability of highly trained
professionals and skilled technicians. Nationwide, 50% of the high-technology workforce has a Bachelors
of Science degree, 17% a Masters of Science degree, 19% a Ph.D., and the remaining 14% a degree or
diploma from a vocational school or community college.” According to the Bay Area Clusters of
Innovation Survey, Life Sciences executives believe the availability of scientists, engineers, and a skilled

workforce is the single most important enabler of business success (Exhibit 10).

STATE OF HUMAN CAPITAL IN THE BAY AREA

The Bay Area currently boasts one of the most highly educated workforces in the country. In 2001,
approximately 40% had a college or graduate degree (Exhibit 23). One Life Sciences executive described
the Bay Area as an “enormous infrastructure of talent in terms of intellectual capital - smart people! It's
collected the best scientists in the world. The universities are continually adding to the new stream of tal-

ent who want to live [and work] here.” The region also offers some of the nation’s strongest associate

Exhibit 23: Regional Workforce Education Levels
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degree and biotechnology certificate programs to meet the needs of Life Sciences companies. There is no
question that the economic value of human capital is clearly recognized by Bay Area executives.”

The Life Sciences currently account for more than 80,000 jobs in the Bay Area. Some estimates see that num-
ber reaching as high as 120,368 by 2010 (Exhibit 24). For example, in South San Francisco alone, over 70% of
companies expect to expand research and development (R&D) operations. No wonder, then, that employment
in South San Francisco's Life Sciences cluster is predicted to grow by 1,000 jobs in the next two years.

To date, the cluster has been composed primarily of emerging companies focused on discovery-stage
research. However, the fact that across the nation, the cluster currently boasts over 1,400 products in
various stages of clinical development (over 400 in late-stage pivotal studies alone), signals that there is
a transition afoot. Companies started in the late 1980s and early 1990s that already have products near-
ing clinical trials and / or commercial manufacturing are now focusing on expanding their product base
and manufacturing capacity. Accordingly, they are increasing their investment in internal marketing and
sales departments.

All of these areas are expected to see major expansion beginning in the latter part of this decade or the
early part of the next (Exhibit 25). Interviews with Bay Area executives have corroborated this. One sen-
ior executive summed up the situation in the Bay Area this way: “Traditionally, the Bay Area cluster has
been very productive at producing [early R&D] types of people. We now need to be able to recruit more

people with expertise in managing clinical trials and marketing strategy.”

Exhibit 24: Potential Bay Area Life Sciences Employment
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The emerging pattern of growth in the Life Sciences suggests that new employment will likely consist
of R&D (50%), manufacturing (25%) and commercial, marketing, management and support (25%) posi-
tions.” Given the importance of the Life Sciences to the economy of the Bay Area, it is critical for the
supply of skilled labor to meet the cluster's burgeoning needs across these functional areas.

As a practical matter, the supply of skilled labor in the Bay Area will include both local and outside tal-
ent. Accordingly, the challenges are two-fold: first, re-shape the existing human capital infrastructure to
make it more fluid, better trained in relevant content, and better prepared; and second, enhance the

region's ability to attract and retain this highly desirable population of world-class talent.
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Exhibit 25: Life Sciences Human Resources Needs
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Content

There is a widening disconnect between the changing needs of the Life Sciences and the education and
preparation of the region's workforce. The region's graduate programs, though excellent, focus on dis-
covery, not on applied or development research, and their faculty are often not in tune with the new "soft
skills" and non-science skills desired by Life Sciences companies. In general, what is most lacking is
expertise in regulatory affairs, clinical affairs, and quality control (Exhibit 26). Several initiatives—such
as the Regional Biotechnology Centers, affiliated with Bio-Link, and Centers for Applied Competitive
Technology, affiliated with the community colleges— begin to address these requirements, but they must
be expanded, better-coordinated, and more effectively marketed to Life Sciences companies. In addition,

there is no grooved, cluster-wide mechanism for continuing education.

Preparedness

The education, with a focus on science and math, offered in the K-12 years must be strengthened to
provide a larger pool of students with solid foundations in the Life Sciences so as to boost enrollment in
institutions of higher education. California has recently invested nearly $3 billion to provide students
with standards-aligned instructional materials in core curricular areas, including math and science.

Recent adoption of state academic content standards in science, together with the alignment of the
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statewide testing and accountability system to those standards, could significantly increase focus and boost
the quality of science education in California's public schools. The state must monitor the results of these
changes closely and build upon these efforts to ensure relevant, strong educational preparation for its

K-12 population.

PRIORITY ISSUES AND RECOMMENDATIONS

The pressure on human capital will only grow as Life Sciences activity moves further down the value

chain and expands into new technologies. During the next 5-10 years, the most critical needs will be in

Exhibit 26: Critical Human Resource Needs
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the areas of clinical affairs, regulatory affairs, quality control, and business development (Exhibit 26). Of
concern, as well, is the supply of lab technicians to support continued R&D expansion as well as skilled
workers to conduct downstream activities such as manufacturing and marketing.

Given the long lead-times inherent in changing a region's human capital equation, the Bay Area should

move with speed and urgency to:

Establish and communicate current and future employment needs by skill category in order to
drive Bay Area educational and training activity.

To minimize the gap between cluster employment demand and labor supply, there must be a clear
articulation of changing needs to all relevant constituencies. In short, the cluster must speak with a single
voice and with great consistency in the way it defines skill categories and business needs (Exhibit 27).
As a necessary step toward that goal, the cluster must first carry out a qualitative and quantitative
workforce gap analysis and then communicate the resultant needs to the education community. This

will ensure clarity of definitions as well as a shared fact base from which to establish priorities.

Exhibit 27: Steps to Communicate Industry Needs
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Ensure state education officials place greater focus on science education throughout

the public education system.

In a recent interview, one Bay Area Life Sciences executive remarked, “What is needed is a central ini-

tiative to support the growth and development of the Life Sciences workforce.” This is true for all phas-
es of the business cycle from R&D to commercialization and manufacturing. Toward that end, there must

be an effort to:
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Encourage the California Board of Education Curriculum Commission’s Science Subject
Matter Committee to meet on a regular basis with the Bay Area Biotechnology Education
Consortium and Life Sciences industry leaders.

The Bay Area educational agenda for Life Sciences must recognize that each step in the education /
workforce development path can be a driver or a barrier to the success of the Life Sciences cluster. The
Science Subject Matter Committee should meet on a regular basis to allow input from the Bay Area
Biotechnology Education Consortium and Life Sciences industry thought leaders. It could use the
input to set public school system priorities, determine appropriate curricula, and initiate changes at all
levels of education. It might also revisit the Life Sciences portion of the Science Standards for
California's Public Schools, which was adopted by the California Board of Education in 1998. Though
rigorous science standards have been adopted, with textbooks and curriculum frameworks aligned to
these standards, these meetings would add yet another dimension to the efforts of the California Board
of Education Curriculum Commission’s Science Subject Matter Committee, whose current responsi-
bility is to disseminate a Science Curriculum Framework. These efforts could leverage the
Biotechnology Education Consortium's mission to develop core curriculum programs and create
internship and job placement programs. Further, inclusion of industry thought leaders could ensure

relevancy in the classroom.

Create a long-term funding plan to support Bio-Link and its capabilities in Life Sciences
workforce preparation.

Bio-Link is a national educational center for biotechnology, which began in late 1998 in the Bay
Area with a grant from the National Science Foundation (NSF). Bio-Link has been successtul in
enhancing and expanding biotechnology education programs in high schools, community colleges,
and baccalaureate institutions by providing cutting-edge professional development for instructors,
by improving curriculum, by making use of new educational technology, and by creating a system that
promotes the sharing of information. Bio-Link and the community colleges are collaborating with
industry to develop workforce training programs to meet Life Sciences human resource needs. Despite
the success of Bio-Link, its NSF grant funding is scheduled to be cut in half at the end of this year. In
August 2004 it will end altogether. Ongoing funding will be necessary if Bio-Link is to continue to
address the growing needs of the cluster.

Develop regional, intersegmental training (in particular laboratory) facilities.

The specialized training facilities needed for building essential Life Sciences-related skill sets are cur-
rently beyond higher education's funding ability. It makes great sense, therefore, to establish regional
training laboratory facilities that cut across the boundary lines of universities, community colleges, and
high schools.

Use the digital learning environment to provide continuous education to the current
workforce.

On-line continuing education is becoming increasingly widespread as an effective means to leverage
the skills and assets of multiple instructional partners. Partnerships could involve educational providers
(public and private), industry, and government in developing curricula and encouraging usage of the
digital space.
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Expand the scope of universities to create a versatile future workforce.

The Bay Area is home to top-tier research universities that graduate large numbers of Ph.D.s each year."
The California state university system is often seen as a model for Life Sciences research and workforce
development. However, there are a number of critical issues facing the traditional Life Sciences depart-
ments in these schools, as they shift toward producing a more versatile pool of students with the ability to

drive research in both the academic and corporate worlds.

Experiment with variations in the degrees offered by post-secondary education institu-
tions to ensure relevancy and efficiency.

More than half of recent Life Sciences Ph.D.s find employment in non-academic institutions and
bypass the traditional post-doctorate stage. Considering that a Ph.D. requires an average of over 8 years
to attain, the Life Sciences would benefit from shorter, faster, more focused, and more industry-respon-
sive degrees, instead of traditional Ph.D.s. Of special appeal would be professional graduate degrees
that invoke partnerships between academic institutions and industry.

Experimenting with new degrees also means offering a broader and deeper range of academic options.
Graduate programs should allow students to develop a broader portfolio of skills so as to become more
versatile scientists. At the same time, there is need for intensive training in new technologies like bioin-

formatics of critical importance to the Life Sciences of the new century.

Broaden student advisory systems to recognize "alternate career" path.

A number of U.S. National Academy of Sciences studies have, since the mid-90s, emphasized the
importance of "alternate careers” in traditional research areas. Companies have new expectations of
their future new science and technical employees that include non-science-related knowledge of cer-
tain aspects of product development. Academic departments should increasingly be accountable for

providing accurate information about professional careers and career advice to students.

Continue to recruit and retain world-class talent.

In California, 9% of the Life Sciences workforce is comprised of H-1B visa holders. Local talent is
unable to fill the demand in certain specialized fields. The high figures of foreign employment demon-
strate that the existing local talent pool is not sufficient to meet the needs of the Life Sciences and other
high-technology industries. In the computer industry, for example, there remain over 260,000 unfilled
positions, which costs the industry over $4.5 billion in lost productivity. Not surprisingly, the presidents
of the National Academy of Science and the National Academy of Engineering have emphasized that "the
professional 'visits' of foreign scientists and engineers and the training of highly-qualified foreign students
are important for maintaining the vitality and quality of the U.S. research enterprise."*

In addition to foreign workers, the Bay Area Life Sciences cluster attracts and recruits talent from other
regions and other industries. The government should recognize the integral role that outside talent
plays—and will increasingly play—in the Life Sciences, and ensure that public policies do not have neg-
ative repercussions on the flow of highly-skilled labor into the region.

Retaining the talent that emerges from Bay Area institutions is critical to the pool of human capital. The
state might consider forgiving University of California loans for scientists and engineers who remain in

the region to work in Life Sciences.
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ENTREPRENEURIAL CLIMATE

Entrepreneurial climate refers to an environment that supports the development of entrepreneurial
ventures. A successful entrepreneurial climate exists when opportunity (that is, unique ideas and
ownership of those ideas) connects with resources (people, capital, and information) and results in

successful start-up ventures.

STATE OF ENTREPRENEURIAL CLIMATE IN THE BAY AREA

One of the Bay Area's most competitive assets is a unique environment that fosters innovation and
entreprencurship. As one CEO stated, "The Bay Area is expansive. You think big thoughts here. There
are open spaces; you don't feel closed in like on the East Coast. You are encouraged to reach out and try
something new." The strength of this entrepreneurial climate is clearly demonstrated by comparing eco-
nomic indicators. Among the largest 50 metropolitan areas in the U.S., the Bay Area ranks highest in
terms of venture capital, number of patents, small but high-growth "gazelle" companies, and initial public
offerings (Exhibit 28).

Exhibit 28: Economic Indicators of Entrepreneurial Environment—Rankings of Life Sciences Regions

S Initial Public
Venture Capital Patents Creation Corounies Offerings
(1ros)
Bay Area 2

1 4 1
Boston 1 [} 42 4
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i 5 7 48 2
San Diego 7 5 v 7

Sowrce: The Melroaolitan New Foosamy Index, 2001
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This is nothing new. The Bay Area has consistently been a leading region for entrepreneurship and
innovation. According to the Progressive Policy Institute, the Bay Area ranks first out of the largest 50 U.S.
metropolitan areas in economic / entreprencurial dynamism across all industries (Exhibit 29). World-class
research institutions, venture capitalists, patent attorneys, and experienced senior entrepreneurs all con-

tribute to this special brand of dynamism.

Exhibit 29: U.S. Metropolitan Entrepreneurial Dynamism Ranking

Enterpreneurial Entrepreneurial Dynamism is Ranked
Dynamism According to The Following Criteria:

1. SanFrancisco 1. Number of "gazelle™ companies:
firms with annual revenue growth of 2005

Z. lLas Veges or more for 4 straight years

3. Orlando 2. Job Churning:

4. Denver number of new starl-ups and business

5. Seatile Mgt ph gty

& SanDiego 3. Newly Publicly Traded Companies:
The number of campanies’ intial public

7. Houston stock offerings as a share of gross

8 Phoanix metrogolitan product

9. Austin

10. Alignta

Source: The Metropolitan New boonomy Dndes, 2001

Leading Research Institutions

The Bay Area contains some of the world's leading research universities, national laboratories, and
private research institutions. This makes the region a center for idea generation. Its leading thinkers
interact with one another, exchange ideas, and do much to generate new intellectual capital. It is note-
worthy that SRI International and WI Harper have formed a translational drug development initiative,
PharmaSTART, to provide California-based university and small company investors with the necessary
clinical technical development plans, and other critical support required to bring new drugs to market.
Another component of this initiative is to establish the Pan Pacific Life Sciences Fund to finance early-
stage Life Sciences companies. The importance of a strong intellectual infrastructure to a region's
entrepreneurial climate cannot be overstated. Exhibit 30 on the following page illustrates the spin-off
companies from universities in California. Approximately 50% (200 of the 402) of all spin-ofts from

universities in the state of California come from Bay Area institutions.

Anchor Firms

Also contributing to innovation and entrepreneurship are anchor firms: large biotechnology companies

that conduct cutting-edge research. Anchor firms account for a great number of start-ups because they

CHAPTER 8: ENTREPRENEURIAL CLIMATE

47



48

Exhibit 30: California University Spin-Off Companies
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attract top talent and "entreprencurial types" to the area and provide valuable training. These recruits often
leave the larger firms to pursue their own ventures. This process of "job churning" contributes to the
entrepreneurial climate, as well as to the growth prospects of the Life Sciences. A pool of scientists and
executives from Genentech, Chiron and Cetus have significantly influenced at least 55 biotechnology
firms, research institutions, and VCs. Their alumni have founded, led, or deeply affected such companies

as Sugen, Cell Genesys, Deltagen, Genencor, Onyx Pharmaceuticals, and Cell Therapeutics.*”

Resources

Opportunity alone is not what makes the Bay Area a top region for start-ups; it is also rich in the
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resources needed to grow businesses. It is no coincidence that the Bay Area is the number one region for
venture capital (VC) in the world. Venture capitalists prefer to invest locally; the Bay Area receives 30%
of VC funding nationally and 80% of VC funding in the state of California.* Because of its technology-
driven environment, there is also an abundance of local service providers (i.e. lawyers, consultants, and

human resource specialists) who understand and cater to special needs of the Life Sciences.

Connection

It is important to note that while historically strong, the Bay Area's entrepreneurial climate is not with-
out challenges. Although there is a wealth of opportunity in the form of idea generation and intellectual
property (IP), and of business resources within the area, many entrepreneurs in the Bay Area still struggle
with acquiring those resources. It is difficult for some new entrepreneurs to know where to start when
looking for assistance.

According to the Clusters of Innovation Survey, Bay Area participants rated university-based network-
ing organizations as being less helpful to entrepreneurs than did San Diego participants. Other regions
have created successful networking programs and have found them to be quite successtul.

UCSD Connect is an example of how a networking program can have a profound impact on a region-
al economy. Companies that participate in UCSD Connect have demonstrated a success rate three times
that of other companies. UCSD Connect's mission is to facilitate connectivity within the region as well
as between the region and global resources. UCSD Connect has helped bridge the gap between business
and science, teaching researchers and professors to become entrepreneurs, and educating the business
community about the world of science.”

Stanford provides a good example of university-based networking at the private level in the Bay Area
with the Stanford Entreprencurship network. This network creates a forum for collaboration between all
entrepreneurship programs at the university, linking the graduate schools of business, medicine, law, and

engineering with the office of technology licensing and industry.*

PRIORITY ISSUES AND RECOMMENDATIONS

The primary issue surrounding the entrepreneurial climate of the Bay Area is the need to strengthen
connection between the IP creators and service provider resources that currently exist. By creating and
strengthening networking vehicles in the Life Sciences industry, the Bay Area will further its generation of

new technologies and companies.

Expand resource infrastructure for entrepreneurial ventures.

Programs such as the University of California San Francisco’s (UCSF) Center for BioEntrepreneurship,
a Life Sciences-based program, train scientists and entrepreneurs to develop successful companies. From
this program's inception less than two years ago, it has drawn in academic professionals from the Life
Sciences research and services industry. It also fosters collaboration between Bay Area universities by
opening its programs to them. In addition, the UCSF Center leverages the experience of leading Bay Area

industry professionals by pairing them with UCSF's entrepreneurs as team members and mentors.
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Another successful approach to teaching scientists about the business of Life Sciences has been UCSF's
11-week course "Idea to IPO and Beyond." The course is designed to show students how to take a basic
idea, get it patented, write a business plan, win investment capital, and build a global business. To provide
real-world experience, the course features guest speakers who are directors of research, patent attorneys,
and finance experts working at many of the most successful Life Sciences companies in the Bay Area.

In addition to expanding these above programs UC-systemwide, a new networking organization that is
based on relations rather than transactions should be established. Bay Area leaders have consistently
emphasized that people must get to know and trust each other first; deals come later. Any networking
organization should host forums that gather entrepreneurs, scientists, business leaders, and investors in a

social setting to facilitate communication and present ideas.

Design a centralized web-based resource database.

This would enable entrepreneurs to access specific information on resources located in the Bay Area.
The web-based resource database would detail information on funding (VC, angel, and government
grants), service providers and non-profit organizations specific to the needs of start-ups. It would also
provide information on regulatory policies. Presently, BayBioNEST has plans underway to create such
a database.”

Leverage proximity to other high tech clusters in Bay Area as a source for new ventures.

Significant convergence is expected between Life Sciences and other industries such as Information
Technology. Within the Bay Area, this is recognized in the creation of new centers such as QB3 in Mission
Bay. In addition to convergence centers, the Bay Area needs a convergence network across industries.

The ideal place to form such a network would be within the research institutions.
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TECHNOLOGY COMMERCIALIZATION

Cutting-edge research focused on the development of new intellectual property is a primary driver of
the innovative spirit and success of competitive regional clusters. Research is, of course, at the heart of
innovation. But unless this research can be effectively transferred to the marketplace, the benefit to the
regional economy is limited. Technology commercialization is the process of finding, creating, and
leveraging—whether through licensing or the creation of new products — intellectual property that has
potential commercial applications. Such applications are the fruits of research conducted within a variety
of public and private environments, including research universities, research institutions, and established

commercial companies (Exhibit 31).

Exhibit 31: Sources of Technology Commercialization Process
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STATE OF TECHNOLOGY COMMERCIALIZATION

Research universities, research institutions (federal, state, private), and established Life Sciences compa-
nies form the core of the Bay Area's Life Sciences intellectual property (IP) creation mechanism. Private
research institutions and established Life Sciences companies generally follow the clearest processes for
transferring technology to the marketplace, as this is the explicit mission of these organizations. They have
a strong commercial focus and design their research processes to maximize IP creation with commercial

value. By contrast, state and federal laboratories often focus resources on basic research or research that
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benefits the general research and development (R&D) community as a whole. Although these institutions
may have technology licensing functions, such activities are generally not their primary focus.

Research universities present a hybrid model. The Life Sciences research conducted at Bay Area uni-
versities mainly focuses on the basic understanding of complex processes and systems. Nonetheless, many
of these institutions' research applications— particularly in the field of biotechnology — lie in areas of sub-
stantial commercial relevance. Because the explicit mission of these universities is generally not to focus
on the commercialization of IP, licensing activities are often not a top priority and potentially valuable IP
may not make its way out of the laboratory and into the commercial marketplace. There are opportuni-
ties here for improving the rate and efficiency of technology transfer within the cluster. Maximizing great
technology transfer by research universities will create opportunities for new start-ups, create additional

revenue streams for the universities, transfer new technology into the marketplace, and benefit the region-

al economy as a whole.

Exhibit 32: Expertise in Technology Commercialization

The technology commercialization process for research universities is shown in Exhibit 33. Federal, state or
private research dollars fund the creation of intellectual property potential that results in the licensing of new
technology o mosting compankes or the creation of new slart-up establshments. The various constitueals
invalved in the technology commercialization process are:

Research Universities These institutions employ researchers and inventors who produce a supaly of
inventions and new technology which may hold commercial potential.

Start-up and Existing Companies Companies are the demand side of the technology
commercialization eguation, finding applications lor the imeentions produced within research universities

Venture Capital (VC) Ecosystem The VC Ecosystem is a formal and informal netwark of operational
Ve, local entreprensurs and anged investors who provides capital and lest the commercial viabifity of now
ideas and inventions. The VC Ecosystem provides markel-based scresning of ideas, pairing of business
people with inventors, capital, governance, recruting and contacts.

Oifice of Technology Licensing/Transfer/Commercialization (OTL) University OTLs
facilitate the techmology transfer process between inventors, companses and the VC Ecosystem. The OTLs”
level of involvenent depends on the spacific deal and nature of previously established relationships.

Graduates of Universities and University Network Research university graduates, faculty and
researchers employed as consultants or full-time stalf members by regional Life Sciences companies
transfer knowledge to the marketplace by bringing their skilis and experience lo local companies.

These kay stakaholder groups work together to identily, value, and commarcialize new iwentions within the
research unieersily enviconminl. The researchers, facully and students at research universities may be the
greates! conduit of lechmology commercizlization. By joining local companles, whether they are startups or
established companies, they transfer to the market the knowledge and skills they hove acquired and/or
deveioped while at the university. To this end, faciitating the creation of new Life Sciences companies in the Bay
Area (s a critical component of maintaining the process of technalogy transfer. To the extent that graduates from
focal universities choose ko relocate Io olher parts of the country (or the world), technology transfer in the Bay
Areals reduced.
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Fortunately, technology commercialization— in particular, the transfer of technology from research
universities—is a major source of strength for the Bay Area Life Sciences cluster (Exhibit 33). Over time,
world-class research institutions in the region have created a significant number of start-up companies and
licensed numerous technologies to Bay Area, national, and international companies. The many links, for-
mal and informal, between university researchers, established firms, the venture capital (VC) community,
and a vast network of local entrepreneurs and angel investors create a potent - indeed, a unique - nexus of
commercialization. Information is quickly disseminated amongst these parties, and new licensing deals are
often built upon existing collaborations or relationships.

Exhibit 33: Bay Area Technology Commercialization Process
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Technology transfer in the Bay Area generates substantial value for the regional economy and also ben-
efits the research institutions. Inventors enjoy a flexible and innovative research environment; companies
gain access to valuable research; and universities receive substantial financial upside from their licensing
activities, as well as from the generous financial gifts made by alumni and faculty who have been success-
ful as entrepreneurs using technology developed at the university. Thus, the schools' Offices of
Technology Licensing (OTLs) are best viewed not only as licensing mechanisms, but also as diplomatic
entities, which facilitate the transfer of technology for the greater good of the region and which maintain

excellent relations with entrepreneurs.
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Customer Clarity Regarding University of California Offices of Technology Licensing

The customers (start-ups, existing companies) that create demand for technology commercialization
wish to interact with licensing agents that are empowered to negotiate agreements independently. In
recent years, the University of California (UC) has addressed this need by creating autonomous branch
OTLs at many UC campuses. These branch offices have been increasing their share of cases handled rel-
ative to those handled by the central office.

Despite the fact that clear protocols exist for how these offices are allowed to operate, many customers
do not understand who has the final authority to negotiate a deal within the UC system. Nor are they
always clear about those circumstances in which they must interact with the central Office of Technology
Transfer (OTT) office as opposed to branch OTL offices. Further, they sometimes confuse activities over-
seen by branch OTLs with central legal reviews that must go through a main legal office in Oakland. In
aggregate, confusion around roles and decision rights creates hesitation, even avoidance. The solution to

this, of course, is better communication about the university process and how to work with it.

Variance in Customer Experience with University of California Offices

Customers consistently mention the varying levels of professionalism they encounter when dealing with
the different UC branch OTLs, the central Office of Technology Transter (OTT), and individual licens-
ing officers. Much of this variation stems from the fact that the UC is not able systematically to hire and
retain the people best suited to the job. The licensing of Life Sciences inventions involves a complex set
of skills: understanding of the science and, more specifically, its implications; appreciating the way com-
panies operate and what they can and cannot do; and being able to work eftectively with inventors, patent
lawyers, and company licensing executives. Recruiting people with this skill set is difficult given current
university salary levels. Once trained, these people often leave for higher-paying industry jobs.

It is also possible that certain campus OTLs are understaffed. There does not seem to be a formal,
shared understanding of what the right level of stafting should be, and some licensing officers carry case-

loads that seem unreasonably high.

Lack of Formal Communication Between University Technology Transfer Offices

The various technology commercialization offices of the UC hold formal system-wide meetings on a
semi-annual basis. However, they do not regularly communicate or share information with their coun-
terparts at other major universities with significant capabilities in technology transfer, such as Stanford,
Caltech, MIT, and Columbia. Given the fairly small number of professionals in this field, cross-universi-

ty contacts can help foster a more rapid dissemination of best practice learning.

Uncertainty Around University IP Creation Potential

Bay Area universities lack a clear understanding of the IP creation capacity or potential of their researchers
and laboratories. Thus, it is not clear if additional outreach, education, and incentives would increase the
amount of IP that is offered for commercialization. This is a complexissue. For example, IP that ultimately
ends up in the public domain (without the university obtaining patents) through publication or informal
dissemination of information as students join local companies may still be effectively “commercialized”.

And such commercialization does contribute to the local economy, if not to the university.
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A good understanding of the volume of IP that flows through the various channels would be useful so
the university could assess the effectiveness of its overall transfer process. In a similar vein, the OTLs do
not have an economically-based method for determining the right level of staffing they should have or
the right level of resources they should employ to train their current staft and to attract and retain

appropriately-skilled new members.

Capital Constraints

Despite the fact that the Bay Area is an international leader in Life Sciences venture capital, all cluster
participants agree that there is currently a significant capital shortage for early-stage Life Sciences ventures.
The current financial situation limits capital that is available to fund new start-ups based on University

technology, which in turn obviously constrains technology transfer.

Access Issues For University Inventors

Finally, because much of the Technology Commercialization process in the Bay Area is built upon infor-
mal networks, the technology transfer process can be daunting and intimidating for first-time inventors or
faculty who are first time participants. Although informal networks within the Bay Area generally inform
companies of available technologies, it is likely that some technology with commercial potential does not
get paired with the appropriate business entity because these informal networks fail to reach beyond their

established relationships.

PRIORITY ISSUES AND RECOMMENDATIONS

There is clearly much room for improvement in the communication between customers and OTLs, the

understanding of full IP creation potential, and current OTL processes.

Direct the California Technology, Trade and Commerce Agency (CTTCA), in collaboration with
other regional leadership groups, to work closely with the University of California Office of
the President and the Technology Licensing Offices of each University of California campus to
develop strategies to accelerate the transfer of technology.

To help build consistently positive customer experience, there must be review both of budgeting
mechanisms for OTL branch offices to facilitate the hiring and retention of the most qualified candi-
dates and of statting levels based on a proper economic analysis of the entire technology transfer process.
These initiatives will help the OTLs be competitive with industry norms. Hand-in-hand with
improved budgets, and flexibility in hiring and training, the OTLs may consider adopting practices —
the use of multifunctional teams as opposed to individual case officers—from other industries that deal

with complex projects.

Research University IP creation capacity.

Local universities should conduct formal analyses to better understand the creation and flow of IP
involving faculty, researchers, and students. The objective would be to determine where there are
points of leverage to increase both the effectiveness and volume of technology transfer. Local OTL
offices should be tasked to produce explicit recommendations for or against the procurement of addi-

tional staff and the adoption of new IP management-related processes.
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Dearth of available capital.

There is a demonstrable need for creative solutions to the demand for capital, given current economic
constraints. Programs aimed at reducing the cost of capital for early stage investing (such as matching
grant programs, debt-based financing programs, better use of R&D tax credits for pre-revenue compa-
nies, lower capital gains taxes for very early-stage investments and the like) would help attract more
venture capital to the Bay Area.

Company demand for University IP.

More support is needed for existing networks, both formal and informal, between inventors and
industry. This might include OTL outreach programs to the Life Sciences community to better com-

municate the OTL's capabilities and role within the technology transfer process.

Make the current University of California technology licensing processes more transparent
and accessible, while gaining a better direct understanding of industry needs.

Encourage all Offices of Technology Licensing to view themselves as customer service organizations
with a complex, long-term mission. This will prevent customers from feeling misinformed about the role
of OTLs in relation to other university activities like legal reviews or collaboration agreements. Perhaps
the best way for OTLs to gather meaningful metrics of their performance is to survey periodically their
constituents—researchers, companies, venture capitalists, and others.

The purpose of such surveys would be to measure performance along a number of key dimensions rel-
evant to the effectiveness of the OTL mission (education and outreach to researchers, marketing and
business development to companies, partnering with patent firms, networking and matchmaking with
venture capitalists, goodwill ambassadors to alumni and others). These metrics need to be combined with
metrics that provide guidelines about actual economic performance based on comparables from other
major universities, licensing firms, and companies. The feedback from the surveys should be used regu-

larly to upgrade and improve the operations of the OTLs in a manner consistent with their mission.

Facilitate formal communication between Bay Area Technology Transfer offices.

Directors and Officers from the University of California Offices of Technology Licensing should reg-
ularly meet with their counterparts at selected universities with a similar record of technology transfer
success — for example, Stanford, Caltech, MIT and Columbia—to share best practices and ensure the
cross-fertilization of ideas. In addition, the University of California system may wish to explore a poten-
tial rotation program where licensing agents from the central oftice work with the various branch offices
and vice-versa. Later, the University of California system may want to consider coordination with

national OTLs or licensing professionals.

Support timely licensing and collaboration deals.

The overriding objective of technology commercialization is to transfer technology into the marketplace
for the benefit of the regional economy. Time is often a critical factor in Life Sciences agreements and
should be used as an evaluative metric in assessing the performance of the OTLs. In addition to the cost-
ly delay in getting ultimate therapies to patients, drugs often have only five years of patent protection by
the time they are introduced in the market. A one year delay in the licensing of the core IP can result in

a 20% reduction in the royalties a university can carn.
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INTELLECTUAL INFRASTRUCTURE

Intellectual infrastructure is the research and development (R&D) at the heart of innovation—and
technology-based economic development. Many of today’s leading technology companies are concentrated
around major universities and federal, state, and private institutions performing cutting-edge research.

Within Life Sciences clusters, three classes of research and development centers typically contribute to
a region’s intellectual infrastructure. Research universities form the backbone of successful technology
clusters, performing both basic and commercial research. Federal- and state-funded laboratories and pri-
vate research institutions are additional sources of innovation. These institutions often have strong ties
to a region’s universities, as is the case with the Universities of California, Lawrence Berkeley Laboratory,
and Lawrence Livermore Laboratory. Established companies such as Genentech and Chiron also con-
tribute to the region's research infrastructure and play a strong role in commercializing university tech-

nology through collaborations and licensing.

STATE OF INTELLECTUAL INFRASTRUCTURE IN THE BAY AREA

Intellectual infrastructure has long been a source of competitive advantage for the Bay Area Life
Sciences cluster and for California as a whole. Cluster stakeholders unanimously recognize the unique
value of the region's world-class research universities and its equally strong network of community col-
leges with programs in the Life Sciences. In 2000, Bay Area research universities dedicated $908M to
research in the Life Sciences, with the majority attributed to Stanford University, University of
California, San Francisco (UCSF), and University of California, Berkeley (UC Berkeley).* Most of the
region's Life Sciences research (77%) is dedicated to medical research, another 20% to biological research,
and 3% to agriculture.

Bay Area research universities have a strong positive impact on the regional economy. This impact is
demonstrated through several measures of intellectual infrastructure productivity, including National
Institute of Health (NIH) funding, number of Life Sciences graduates, intellectual property creation,
and company formation. California is the leading recipient of NIH funding, with $2.5B in 2001 (Exhibit
34),” approximately 35% of which is concentrated in the Bay Area. By themselves, UCSF, Stanford, and
UC Berkeley account for $670M. The strength of Bay Area research universities is also evident in the
number of Life Sciences graduates these institutions produce. In 2000, Bay Area universities produced
an estimated 12,000 graduate science, engineering, and health students, of whom 1,400 held specialties in

the biological sciences.
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Exhibit 34: National Institute of Health Funding by State and University
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Bay Area Life Sciences intellectual property (IP) creation increased dramatically throughout the nineties,
resulting in per capita patent production well above both the national average and the average for
California as a whole. Experts consistently cite such IP creation (in the form of Life Sciences patents) as
a current and future strength of the Bay Area (Exhibit 35).

Finally, the strength of local research universities also has a measurable impact on Life Sciences compa-
ny creation in the Bay Area. For example, University of California scientists founded at least 35% of Bay
Area biotechnology companies, and many more leverage University of California scientific advisors or

employ University of California graduates® (Exhibit 36). This proximity of Life Sciences companies to

Exhibit 35: Bay Area Life Sciences Intellectual Property Creation
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the region's world-class research institutions demonstrates the critical importance of intellectual infra-
structure to the continued development of the Bay Area Life Sciences cluster.

In addition to strong research universities, the Bay Area also houses a number of federal, state, and pri-
vate research institutions. It is home to two of California's new Centers for Science & Innovation. The
California Institute for Quantitative Biomedical Research (QB3) builds on the strengths in the engineering
and physical sciences at UC Berkeley, the mathematical sciences at UC Santa Cruz, the medical sciences at
UCSE, and strong biology programs at all three campuses.” The Center for Information Technology
Research in the Interest of Society (CITRIS) sponsors collaborative IT research that will ultimately provide
solutions to “grand challenge” social and commercial problems.” In addition to these two Bay Area assets,
the Centers for Science & Innovation, located outside the Bay Area, also hold promise for California's Life
Sciences industry. For example, the California NanoSystems Institute is a joint effort between the
University of California at Los Angeles and the University of California at Santa Barbara to facilitate a mul-

tidisciplinary approach to develop information, biomedical, and manufacturing technologies.”

Exhibit 36: University of California Links to Bay Area Life Sciences Companies

Bay Area Life Sciences Companies [
University of California Founders [

Note: * Defined as a for-profit business entity with an active R&D operation in California that uses the tools of modern molecular biology (208 total Bay Area biotechnology companies).
** Likely an underestimate due to survey limitations; non-respondent companies are not accounted for.

Source: University of California Industry-University Cooperative Research Program
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The Bay Area's research universities, together with federal, state, and private laboratories, form a core
infrastructure that supports a strong network of both established and developing Life Sciences companies.
These companies often build upon technology invented at local research institutions and develop com-
mercial applications to further this technology. The Bay Area has significant opportunity to build upon its
strengths in intellectual infrastructure to ensure that research and innovation remain a competitive

strength of the region over the next ten years.

Interaction and Communication Between Universities and Industry

Research university faculty members are generally supportive of collaboration between industry and
universities. However, despite an overall strong level of university-industry interaction, some Bay Area
faculty members are still suspicious of commercial interests and believe technology commercialization and
industry collaboration lie outside the mission of research universities. This bias may limit opportunities

for collaboration and technology transfer to the marketplace.

Dedication to High-Quality Laboratory Courses in Undergraduate Education

Despite the strength of Life Sciences programs in Bay Area universities, many cluster stakeholders
believe these four-year universities may not provide adequate lab experience to educate undergraduates for
immediate employment in the Life Sciences cluster. The lack of commitment to continued funding and
investment in additional undergraduate laboratory courses is seen as a potential weakness. This problem
is further exacerbated in the K-12 education system, as noted below in Chapter 11. There is a clear dis-

connect between the quality of the region's research institutions and its upstream K-12 system.

Continued Investment and Vigilance with Respect to Intellectual Infrastructure

In light of convergence between Information Technology and Life Sciences, current success does not
guarantee future success. Despite current and planned investments in intellectual infrastructure, some
cluster stakeholders fear a future when research institutions may “rest on their laurels” and not aggressively
seek to attract the maximum amount of research funding potentially available. Increasing competition
from other regions and the dynamic nature of the Life Sciences cluster will require continued vigilance

and support for future investment.

PRIORITY ISSUES AND RECOMMENDATIONS

The main issues here are, thus, the gaps in interaction between universities and industry, the availabili-

ty of and the commitment to funding for laboratory courses, and support for ongoing investment.

Protect and increase investments in the Bay Area Life Sciences intellectual infrastructure,
including completion of the California Institute for Quantitative and Biomedical Research
(QB3) and the Life Sciences research park at NASA Ames.

Support completion of the California Institute for Quantitative and Biomedical Research (QB3/
Mission Bay) and the California NanoSystems Institute and sustain investment in the Life Sciences
research park already underway at NASA Ames. In addition, explore future opportunities to develop addi-
tional infrastructure to ensure that the Bay Area retains its competitive edge, paying special attention to
areas of convergence, such as bioinformatics— that is, the intersection of Information Technology and the
Life Sciences.
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Utilize adjunct professorships and sponsored forums to enhance communication.

Stanford, the Universities of California, and other Bay Area institutions should actively assess the role
adjunct professorships play in fostering communication between universities and industry. Increasing the
number of adjunct professorships could provide more formal channels for industry leaders to share
knowledge with students and faculty. Some cluster stakeholders feel that universities currently have a
“keep them at a distance” attitude towards adjunct appointments. Instead, the Governor and state educa-
tion officials should encourage universities to offer more adjunct professorships to encourage flows of

information.

Strengthen corporate/university relationships and networks.

Explore opportunities to create biotechnology fellowships for post-doctoral students like those oftered
by pharmaceutical companies. In general, test the mindset within research universities with respect to
industry and commercialization as a foundation for assessing the measures by which existing biases against

commercial activities can be removed.

Foster laboratory capital development.

Support current and future investments in infrastructure for additional laboratory courses in high school

and higher education.

Simplify mechanisms for cross-university course registration.

Bay Area research universities should assess the possibility of cross-campus course enrollment, thus
allowing students at one Bay Area campus to have access to courses at all others. Cluster stakeholders note
the model followed in Boston among MIT, Harvard, and other nearby universities as a best practice in

cross-university course selection.
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QUALITY OF LIFE

The quality of life in a region is an aggregate measure of many different criteria. A study conducted by
William M. Mercer, based on an evaluation of 39 quality of life criteria (among them: political and social
environment, economic environment, socio-cultural environment, medical and health considerations,
schools and education, public services and transportation, recreation, consumer goods, housing, and the
natural environment), named San Francisco as one of the top 20 cities in the world in which to live.

The attractiveness of the region is a key concern for all Bay Area industries. It greatly affects every com-
pany's ability to attract employees, and it deeply influences executives' decisions to locate in the region. In
the Clusters of Innovation Survey, 48% of Bay Area respondents indicated that overall quality of life for
employees was one of the elements that currently has the greatest positive impact on their business suc-
cess (Exhibit 10). However, 42% of respondents also indicated that, during the next five years, they
expected quality of life for employees to be one of the most serious barriers to their firms' expansion in
the region (Appendix D, Exhibit 42). It is clearly in the best interest of the Life Sciences cluster that the

Bay Area preserve and strengthen its overall quality of life.

STATE OF QUALITY OF LIFE IN THE BAY AREA

The Bay Area is renowned for its attractive climate, scenic landscapes, proximity to recreational activi-
ties, rich cultural offerings, and diverse population—all of which make it a highly attractive region in
which to live and work. Unfortunately, the area is also known for its high cost of living, increasing traf-

fic congestion, and unequal K-12 education quality.

Climate

The Bay Area's temperate climate is often cited as one of regions best qualities. On average, the area
has an average temperature of 63°F (18°C), 309 days of sunshine each year, and annual rainfall of approx-

imately 20 inches.

Recreation

The scenic beauty of the region also adds much to its appeal. The nine Bay Area counties have roughly
150 significant parks with about 7,500 miles of trails.”* Proximity to mountains, forests, and ocean provides

an ideal setting for outdoor activity. Whether the choice is golf or sailing, kayaking or skiing, the region
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has much to offer. In addition, the Bay Area is home to eight professional sports teams. On the collegiate
sports level, four Bay Area universities consistently field nationally-ranked football, basketball, baseball, and

soccer teams, strengthening a spectator and outdoor sports culture that few U.S. cities can match.

Culture

CNN Money recently ranked San Francisco as the fourth best city in terms of art and culture in the
U.S. The Bay Area houses more than 37 museums dedicated to art, science, culture, ethnicity, and histo-
ry, providing a diverse set of cultural experiences. In addition to the variety of museums, San Francisco is
also one of only a few cities in the world with internationally-recognized resident companies in all of the
major performing arts— opera, symphony, ballet, and theater. Hundreds of restaurants, cafes, and night-
clubs have also brought San Francisco and the surrounding cities an international reputation as a center for

culinary supremacy and musical entertainment.
Diversity

The richness of cultural activities in the Bay Area is matched by the diversity of ethnic cultures.
With more than 140 languages spoken in the region, the Bay Area houses one of the most ethnically
and linguistically diverse populations in the world. The largest ethnic group is Mexican / Latino, which
is bolstered by Chinese, Filipino, Vietnamese, and Laotian communities, the size of whose area popu-
lations is second only to that of their native countries.

Just as the Bay Area has unique strengths in quality of life, it also has unique challenges. The region's
high cost of living, poor public transportation system, and uneven delivery of K-12 education detract sig-

nificantly from its other advantages.

Cost of Living

Despite being stable throughout most of the 1990s, the cost of living in the Bay Area has risen consid-
erably since 1998. Indeed, it has risen so much that the San Francisco metro area overtook New York in
the third quarter of 2002 to top the list of the ACCRA Cost of Living Index as the most expensive large
U.S. city. The cost of a professional / managerial standard of living is 84.1% above the average of over 300
urban areas across the U.S. (Exhibit 37 on the following page).

Although major cities tend to be expensive, the Bay Area stands out primarily due to its cost of housing,.
This is particularly evident in Exhibit 37. High demand for a limited number of homes in the region has
driven prices extremely high. This issue is addressed in greater detail in Chapter 5. Suffice it to say here
that action must be taken to provide more affordable housing if the Bay Area is to compete successfully

against other regional clusters in attracting and retaining employees.

Transportation

Bay Area residents have to deal with increasing traffic congestion and a poorly coordinated transit
system. In fact, local resident see transportation as such a problem that, in every year since 1980,
respondents to the Bay Area Poll conducted by the Bay Area Council have identified transportation as
one of the top three problems in the region. In 15 of those years, transportation ranked as the number
one concern. Fully 88% of Bay Arca residents agree that worsening traffic congestion is seriously threat-

ening their quality of life.

CHAPTER 11: QUALITY OF LIFE

63



Exhibit 37: ACCRA Third Quarter 2002 Cost of Living

. Misc. Goods
Metropolitan Area i Utilities | Transportation | Health Care | 2nd Services

San Franciseo, Ch PMSA 184.1 1411 27 924 130.0 1438 1537

Mew Yiork, NY PUSAL 171 1328 791 143.7 1172 1482 128.2

Mewnrk, NJ PMSA 1483 1184 2147 1371 1134 1581 a2

Saatlle — Befevua — Everatt WA PMSA 1482 1160 a2 1333 1115 1603 .2
Dakdand, CA PMSA 1395 13001 H38 100.5 1208 1398 1404

San Diego, CA MSA 1378 1354 194.8 T8 M8 1333 1151

Chicage, 1L PMSA 1357 1187 1855 1166 1207 1354 1103

Basion, MA—NH PHEA? 1355 1148 13 153.% 1064 1348 144
Massau = Suffoll, NY PMSA 1353 1212 1741 12740 1124 1408 1rs

Los Angeles — Long Beach, CA PMSA 1352 1096 91 110.6 1128 1111 1056

Note: 'Unweighted average of New York (Manhattan and Queens); “Unweighted average of Boston Massachusetts section only. Index measures relative price levels for consumer goods
and services in over 300 participating areas. The average for all participating places in each quarter equals 100, and each participant’s index is read as a percentage of the average
for all participating places. The index does not take taxes into consideration. The weights assigned to each item in the index come from the Consumer Expenditures Survey conducted
by U.S. Bureau of Labor Statistics.

Source: ACCRA

Education

K-12 education is also a serious concern. In the Bay Area Poll conducted by the Bay Area Council, 85%
of respondents indicated that improving public education was very important to them, and a significant
number of respondents remain dissatisfied with public education in the Bay Area.” This perception of edu-
cational performance could undermine the Bay Area's economy by encouraging workers and their families
to locate elsewhere and by failing to produce the skilled workforce needed to sustain productivity.

Although the Bay Area leads California in K-12 education, certain public schools— particularly those in
low-performing districts—have been unable to recruit and retain an adequate number of teachers.

Education quality sufters in part due to the severe shortage of qualified, experienced teachers.

PRIORITY ISSUES AND RECOMMENDATIONS

Despite these challenges, people continue to flock to the region. Once they arrive, they tend to stay.
Quality of life continues to stand out as one the Bay Area's unique strengths. However, to preserve
this strength and enrich this strength, there must be improvements in the cost of living, the ease of
transportation, and the quality of K-12 education.

Some aspects of the region's quality of life—climate, for example—are intrinsic to the region's quality

of life. Others require active, thoughtful support from governments, regional and local agencies, and busi-
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nesses. It will take purposeful action to protect the region's environment, its parks and open spaces, its art
and cultural activities, and the special needs of its richly diverse population.
Recommendations on issues related to cost of living and transportation are covered in Chapters 5 and

6. What follows are suggestions for improving K-12 education in the Bay Area.

Improve the overall K-12 public school system by continuing to support state and
regional initiatives.

In addition to increased pay, professional and educational development for the K-12 public school work-
force is key to ensuring high performance of the public school system. Governor Davis and the California
Legislature have initiated and actively supported multiple programs to address the recruitment, prepara-
tion, and professional development of the K-12 teaching and administrative workforce. The state must
continue to support these initiatives, expand upon the most successful ones, and make alterations where
necessary to ensure that California's education system is improved.

Addressing education standards in the state and, more specifically, in the Bay Area is imperative if the
region hopes to attract employees, especially those with young families. Life Sciences leaders have high-
lighted education as a particular problem in recruiting people to fill middle management positions.
Respondents to the Clusters of Innovation Survey believe that it is critically important for government to
promote world-class education to help increase innovation in the region (Appendix D, Exhibit 44). Active

advocacy to ensure that changes take place in the near term is critical.

Ensure teachers' pay is in line with the rising cost of living.

Public school teachers' pay, especially in large cities, has failed to keep pace with comparable wages in
the private sector. Although teachers’ salaries grew 36.5% from 1990-91 to 2000-01, annual earnings for
all workers in the nation grew by 45.9% during the same period.® After adjusting for the cost of living,
Bay Area teacher salaries rank among the lowest across the country (Exhibit 38).

Although the Bay Area has some of the highest performing schools in the state and nation, the challenge
is to improve performance of all schools. A study conducted in 2001 determined that “...school staffing
problems are primarily due to excess demand resulting from the ‘revolving door’ where large numbers of
teachers depart their jobs for reasons other than retirement.” The study went on to conclude that
“improvements in organizational conditions, such as increased salaries ... would all contribute to lower
rates of turnover, thus diminish school staffing problems, and ultimately aid the performance of schools.

9 59

One crucial part of the solution is better pay for quality teaching.

Exhibit 38: Comparative Teacher Salaries

S Cost-of-Living Adjusted Rank Among
California City Teacher Salary 100 Largest US Cities
Fremont 29783 92
San Francisco $38,155 g4
Oakland $333m oB
San Jose $33,036 99

Source: American Federation of Teachers, October 2001
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A CLUSTER VOICE

This Strategic Action Plan represents the collective thinking of the broad set of constituencies that
comprise the Bay Area Life Sciences cluster. Through surveys, interviews, discussion fora, and the Bay
Area Life Sciences Summit, the cluster has come together to identify the critical obstacles to its further
expansion in the Bay Area and to recommend a broad range of actions to remove those obstacles.

This is the first time that the entire Bay Area Life Sciences cluster has conducted an exercise of this
nature. The motivation: to address the concern, expressed by many of the participants, that without some
formal mechanism, their collective voice may be not be heard. This kind of silence is simply not tolera-
ble. Too much is at stake. Going forward, to ensure its continued global leadership and guarantee that its
voice is heard and heard clearly, the Bay Area Life Sciences cluster must mobilize behind a strong and
active, non-governmental Life Sciences collaborative organization with sufficient resources to develop and
manage a robust and aggressive plan.

The principal goals of such an organization would be to:

* Increase public awareness and support for the Life Sciences as a driver of the regional economy

and a significant contributor to improved quality of life.

* Develop and implement strategies to attract and retain Life Sciences companies and activities in

the Bay Area.
* Serve as an advocate to policy makers and civic leaders on behalf of the cluster in order to promote

and advance Life Sciences issues in the region.

Bay Area Bioscience Center

The Bay Area Bioscience Center (BayBio), established in 1990 by the Bay Area Economic Forum, a
partnership between the Bay Area Council and the Association of Bay Area Governments, has been the
primary organized voice and forum for the Life Sciences cluster in the region. To date, BayBio has done
the pioneering work in convening the cluster and has provided the principal mechanism for articulating
its voice on public policy. However, BayBio is currently modestly funded and, therefore, has limited
capacity to operate at the level needed to optimize impact. In order to realize the full potential of Life
Sciences in the Bay Area and in California, there must be a quantum increase in the resources and energy
dedicated to strategically promoting and growing the cluster.
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The Life Sciences non-governmental organization recommended in this Strategic Action Plan must
build upon the work of BayBio. Further, BayBio should be a central player in determining how best to
organize and fund the organization so envisioned. In fact, one option for the new non-governmental
organization may be a strengthened and enhanced BayBio. However, the status quo and business as usual
are not acceptable. The other partner organizations involved in the Bay Area Life Sciences Summit and in
the preparation of this Strategic Action Plan also must work together to design and launch this next gen-
eration non-governmental collaborative “voice of industry” organization. That is the only way to ensure
that the Bay Area can successfully compete in the future as a premier region for Life Sciences.

This group would provide a backbone for the Life Sciences cluster and support for cluster-specific ini-
tiatives in the future. It would also be an active partner in the implementation of the recommendations

included in this Strategic Action Plan.

A “Best Practices” Example

BIOCOM in San Diego is an example of a highly effective regional Life Sciences organization.
BIOCOM's mission is to promote the growth of all sectors of the cluster through the creation of member
value in the areas of public policy, member services, education, and business networking. Members
include more than 50% of the Life Sciences companies in San Diego, as well as service providers, non-
profit associations, government agencies, and research institutions. BIOCOM has a $4 million annual
budget and a staft of 15 full-time employees. It is funded through membership dues, events, and a for-
profit purchasing group.

The Support of Government

Government at all levels can show support for and work with non-governmental organizations. To
amplify the efforts of the Bay Area Life Sciences cluster non-governmental organization, state, regional and

local governments can:

Mobilize political jurisdictions behind marketing the Bay Area as the best region in the world
for Life Sciences.

A Cluster Voice

The Life Sciences cluster in the Bay Area plays a critical regional role as customer to many businesses,
as partner in innovation to multiple industries, as creator of the livelihood for many in the region's
workforce, and as contributor to the regional economy. Equally important, as developer of innovative
therapeutics and as researcher on the cutting-edge of beneficial products, it plays an ever more impor-
tant role in the well-being of all humankind. Such a cluster must have its thoughts and needs voiced
through a powerful channel that reflects the unquestioned value of the region's Life Sciences. Such a voice
will enable the Life Sciences to grow, to flourish, to bring prosperity to the region, and to improve the

health of people all over the world.
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THE STRATEGIC PLANNING PROCESS

In the fall of 2002, a working team, consisting of the Bay Area Council, the Office of the Governor
of California, the California Technology, Trade and Commerce Agency, the Bay Area Bioscience
Center, and the Monitor Group, was established to develop the Bay Area Life Sciences Strategic
Action Plan. Each of these organizations played a key role in contributing to the content of the
Strategic Action Plan and in facilitating access to a broader set of participants.

The working team employed the Clusters of Innovation theory as a basis for framing its critical
choices. This framework, which is described in greater detail in Appendix C, was used as a guide
for defining the Bay Area Life Sciences cluster and for structuring choices such as those relating to
prioritizing investments, allocating resources, and planning for growth.

After establishing the framework, the working team took a number of measures to inform itself
about the critical choices outlined in the Strategic Action Plan. In addition to assessing currently
available data, including an assessment of strategic Life Sciences reports that had been previously
developed for competitive regions (Appendix B has a comprehensive list of such reports), the
working team pursued a number of avenues to secure the insights of the Bay Area’s and, where
appropriate, other key constituencies. Most notably, the Monitor Group conducted 59 in-depth
interviews with key stakeholders from Bay Area companies, government, universities, and other
institutions; administered an online survey; and jointly sponsored with the working team a Life
Sciences Summit held on December 3, 2002, entitled “Promoting the Life Sciences, New Initiatives
for the Bay Area”.

The Clusters of Innovation Regional Survey is a comprehensive diagnostic tool used to assess the
competitiveness of a particular region’s local business environment. The San Francisco Regional
Governor’s oftice sent the web-based survey via e-mail to Life Sciences cluster constituents in the
nine Bay Area counties. Previously, the survey had been administered to several regions throughout
the nation. The objective of the Bay Area survey was twofold. First, quantifiable data was collected
to supplement the qualitative interview data collected on the climate for Life Sciences in the Bay
Area. Second, the Bay Area regional business environment was benchmarked against that of other
competitive Life Sciences cluster regions. The resultant data was used to examine the Bay Area’s
current competitive positioning and to identify the key issues to be addressed in the future. Survey
results may be found in Appendix D.

As another vehicle for collecting ideas, one-on-one interviews took place with executives of lead-

ing Life Sciences companies, members of research institutions, and influential supporting-industry
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stakeholders. The Monitor Group conducted 59 such interviews with individuals from each of the con-
stituencies of the Life Sciences cluster. Twenty-six interviews were conducted with the objective both of
framing the critical choices and generating the hypotheses underlying the Strategic Action Plan and of
developing the content for the Summit. Thirty-three interviews tested and refined the hypotheses gener-

ated by the breakout sessions at the Summit.

The Life Sciences Summit brought together government officials, industry leaders, academic rep-
resentatives, and other key stakeholders. Participants met in small breakout sessions to discuss criti-
cal issues and action ideas relevant to the Life Sciences in the Bay Area. Ideas from the Summit

served to inform the Strategic Action Plan.
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SELECTED SOURCES

A Critical Analysis of the Local Biotechnology Industry Cluster in Alameda,
Contra Costa, and Solano Counties

Economic Development Alliance for Business
Bay Area Bioscience Center

Bay Area Economic Profile

After the Bubble: Sustaining Economic Prosperity, January 2002
Bay Area Council

Bay Area Economic Forum

Association of Bay Area Governments

California’s Bioscience Industries: Overview and Policy Issues
Assemblymember Howard Wayne, Chair of the Assembly Select Committee on Biotechnology

Clusters of Innovation: Regional Foundations of U.S. Competitiveness
Michael E. Porter

The Monitor Group

Council on Competitiveness

Israeli Biotechnology Strategy Project: Realizing our Potential
The Monitor Group

MassBiotech 2010: Achieving Global Leadership in the Life Sciences Economy
Massachusetts Biotechnology Council

Preparing for the Next Silicon Valley: Opportunities and Choices
Joint Ventures: Silicon Valley Network

Projections 2002: Silicon Valley
Silicon Valley Manufacturing Group
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CLUSTERS OF INNOVATION THEORY

The working team employed the Clusters of Innovation theory as a basis for defining the Bay
Area Life Sciences cluster and for structuring such choices as those relating to prioritizing
investments, allocating resources, and planning for growth. In addition, the working team
drew on learnings derived from the Monitor Group’s experience in the area of regional com-
petitiveness. It leveraged the knowledge of the participants on the working team regarding the
development and evolution of industry clusters and the forms of intervention that positively
and negatively influence them.

Conventional thinking places clear boundaries between industries and focuses exclusively on
an industry’s internal structure and dynamics as the space for competitive advantage. Cluster
thinking does not disregard the relevance of the “inside” of an industry, but broadens the ter-
rain for competitive advantage to capture cross-industry linkages. The broader cluster approach
to Life Sciences recognizes and places value on the cross-industry interactions among multiple

constituencies in Life Sciences cluster, its inputs, related industries, buyers, and government.

Exhibit 39: Determinants of a Regional Business Environment
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The broad perspective enabled by the idea of clusters permits a comprehensive understanding of
the prosperity of a region. At a high level, prosperity depends on a region’s ability to create a busi-
ness environment that fosters innovation and productivity (Exhibit 40). Strong, competitive clusters
are a critical component of a good business environment and are the driving force behind regional
innovation and rising productivity. Clusters allow companies to operate more productively in sourc-
ing inputs, accessing information, technology and needed institutions, coordinating with related
companies, and measuring and motivating improvement. Clusters allow each member to benefit as
if it had greater scale or as if it had joined others without sacrificing autonomy.

Cluster theory implies that the four key determinants of a region’s business environment must be
considered as the region plans for its future success. However, it is important to note that the theo-
ry recognizes the unique nature of each cluster. Thus, the four determinants have differing degrees
of relevance depending on the cluster and region in question.

In the Life Sciences cluster, the primary determinant of the regional business environment is
factor or input conditions (Exhibit 39). The quality of specialized inputs and related conditions in
the Bay Area are particularly important to the success of the Life Sciences. These factors include:
Capital Structure and Resources, Commercial and Residential Infrastructure, Transportation
and Information Infrastructure, Human Capital, Entreprencurial Climate, Technology
Commercialization, Intellectual Infrastructure, and Quality of Life.

The additional determinants are the Context for Firm Strategy and Rivalry, Demand Conditions,
and Related and Supporting Industries. Context for firm strategy and rivalry refers to the “rules,
incentives, and pressures governing the competition in a region.” The presence of rivals creates
healthy competition between local firms. The quali-
ty of demand conditions has “a strong influence on
the process of creating and improving products and Exhibit 40: Prosperity Chain
services.” These demand conditions are present to the
extent that sophisticated local customers create an effi- Prosperity

cient feedback mechanism to catalyze innovation.

(Strong Economy)

Related and supporting local industries stimulate the
efficient communication and flow of ideas within and
across clusters. The Bay Area Life Sciences cluster
overlap with the Information Technology cluster is a

perfect example.
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CLUSTERS OF INNOVATION: QUANTITATIVE SURVEY DATA

Exhibit 41: Firm Location Factors

Currently, what are the most important reasons your firm is located in the Bay Area?
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Exhibit 42: Barriers to Firm Expansion

Over the next five years, what do you see as the most significant barriers to your firm’s

expansion within the local region?
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Exhibit 43: Assistance for Entrepreneurs (Bay Area vs.San Diego)

How much do the following institutions help entrepreneurs in your local region form valuable

business contacts or obtain valuable business advice?

Lecal indastry or
clusier poncteile

Mot ik All Helpeul Critically Hedoful

Sourts; Ry Area Custers of Tenovation QuanlEstve Suresy, J0TF

APPENDIX D: CLUSTERS OF INNOVATION THEORY: QUANTITATIVE SURVEY DATA

75



76

Exhibit 44: Priorities for Government

How important is each as a priority, for government over the next five years?
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THE STRATEGIC TEAM

The Monitor Group is a family of competitive service firms linked by shared ownership, manage-
ment philosophy, and inter-related assets. Each entity in the Group is dedicated to providing products
and services which fundamentally enhance the competitiveness of our clients. Our aspiration is to
operate as an "intelligent switch" in a closely-linked global network of expertise and experience, not
merely as a narrowly defined consulting firm, a research company or a merchant bank. We are dedi-
cated to creating innovative, winning, action-oriented solutions by deploying our human, knowledge,
and social assets in unique combinations dictated by each client’s unique circumstances: consulting
interventions, capital infusions, deal structuring, management development programs, customized
software, cutting-edge market research, and so on as appropriate.

The Monitor Group is organized into three major operating units:

» Monitor Action Group, which consults to top management to help resolve their most important
and intractable competitive problems;

» The Monitor Merchant Banking Group, which marries capital investment with advisory servic-
es to enhance company competitiveness;

¢+ The Intelligent Products Group, which provides customized data and software products to sup-

port competitive decision making.

Monitor Regional Economic Competitiveness Team

Monitor's Regional Economic Competitiveness team focuses on developing action-oriented
strategies tailored to the specific needs and capabilities of the nations, regions, and clusters we serve.
The team has created an array of methodologies, unique data sources, and domains of expertise and
experience that enable us to: conduct rigorous economic and cluster analysis of regions / clusters
and their competitors; develop appropriate and actionable strategies for improving competitiveness;

and assemble the broad-based coalition necessary for successfully affecting change.
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1 The Bay Area referred to throughout this Strategic Action Plan includes the nine California counties of

Alameda, Contra Costa, Marin, Napa, San Francisco, San Mateo, Santa Clara, Solano, and Sonoma.
2 California Employment Development Department, 2001
3 “MassBio 2010 Report”
4 California Department of Finance
5 The Milken Institute (Economy.com)
6 California Employment Development Department, 2001
7 California Employment Development Department, 2001; U.S.Department of Labor
8 National Science Foundation
9 U.S. Patent and Trademark Office
10 PricewaterhouseCoopers
1 “Signs of Life” Brookings Institute

12 Life Sciences growth rate is based on the Bureau of Economy Analysis, Economy.com nominal 2002 - 2012
GDP forecast of four Life Sciences-related SIC codes (Pharmaceuticals (SIC 283), Measuring and control-
ling devices (SIC 382), Medical instruments and supplies (SIC 384) and Research and testing (SIC 873)),
some of which contain non-Life Sciences companies; Bay Area nominal GDP projections based on Bureau
of Economy Analysis, Economy.com 2002-2012 forecasts of San Francisco CMSA which includes Santa Cruz

in addition to the 9 counties forming the subject of this strategic plan.
13 California Employment Development Department, 2001

145 6% was the compound annual growth rate of the Life Sciences cluster from 1997-2001, based on figures pro-

vided in the 2002 Index of the Massachusetts Innovation Economy
15 The aggregate wage figure was calculated using the average regional wage of $58,824 cited above.
16 pharmaceutical and Research Manufacturers of America
17 Pharmaceutical and Research Manufacturers of America
18 Biotechnology Industry Organization
19 Global Business Network, “BioFutures”, 2002

20 Ernst & Young “Beyond Borders Global Biotechnology Report”
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21 Global Business Network, “BioFutures,” 2002

22 Silicon Valley / San Jose Business Journal, December 20, 2002

23 East Bay Business Times, August 30, 2002

24 Real Estate Journal.com, “Bay Area Development Reels From Recession,” January 2, 2002

25 Julie Brink, Director of Intellectual Property and Administrative Services, Gorilla Genomics; Oakland
Tribune, “Biotech Incubators Find Warm Hosts,” October 21, 2002

26 Daniel Pollak, “California’s Bioscience Industries: Overview and Policy Issues,” October 2002
27 San Francisco Business Times, “East Bay Biotech Incubators Heat Up,” March 31, 2000

28 Bay Area Council, “Little Hoover Commission,” Outline of Testimony by Sunne Wright McPeak,
June 28, 2001

29 Smart Growth Strategy — Regional Livability Footprint, Shaping the Future of the Nine-County Bay Area,
October, 2002

30 Bay Area Council, “Programs and Policy Initiatives: Housing and Land Use”
31 silicon Valley Manufacturing Group, “Projections 2002: Silicon Valley”
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33 U.S. Census 2000 Supplementary Survey
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Quality — Draft Implementation & Operations Plan

35 Keith Kennedy, San Francisco Business Times, “Bay Area’s Information Technology Expertise Doesn’t

Extend to Transportation,” May 10, 2002
36 Arbitron
37 SiliconValley.com, “Bay Area Embraces High-Speed Net Access, Poll Finds,” December 9, 2002
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40 Massachusetts Biotechnology Council, “MassBio 2010 Report”

41 Signs of Life: The Growth of Biotechnology Centers in the US. Brookings Institute
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Chronicle, April 2, 2001

44 California Technology, Trade, and Commerce Agency

45 Stanford Center for Entrepreneurship Studies

46 Industry and Higher Education, “Collaboration and Innovation: The State of American Regions” February 2002
47 BayBioNEST

48 National Science Foundation

49 National Institute of Health
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50 University of California Industry-University Cooperative Research Program
51 QB3 website

52 CITRIS website

53 California N anoSystems Institute website

54 California Department of Parks and Recreation

55U S. Census Bureau
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